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^^->3 >fflftX-<>y?-£ b T f "J m t Z C ttfT'Z 2>o 
[ 0 0 5 1 ] 

IB * IS 1 8 SS ffi. <D 5g W (O ft m m "r > W X (i , 7* h-^f <pfi*JI*St4Sfii:, bu 
ie»ti?±«)HftSa7* h--y ? H #1 it 4> (C 2#fttc5sS£-tfTfl3/££n/cN x N x N # CD 
7 * h - y ? & £kmxmmi&&< t , * fit *. , KivfUpaWjcliBSIiSBtfS! 
MLfcfte£ffl5#a<&*JB«*W£a5#*dty»jRJ!U 5 X tt 1 6tS#ccDftftiiJfflifil^i:L 

[ 0 0 5 2 ] 

fifot, 2^7tK5!!g?ttT)B«SnftN x N x N*©7* h ^ -y ? *3 B B B iNS y? PS i£ Sg 

t «fc « v h -j v^xx^'•y i ? : •^^^$l^^Jx/wx^^S4i)T^S'J^^«s^^c^»fig■r^ci:^pI 
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[ 0 0 5 3 ] 

» ib « « ?t w <o ft ffl » * ^ tc «* *i «r , m&t. c<omiK±K.-7 * v *&am 

m ic & 0 B f$. Z ft tc Km & Sh t . 15 7 * h ^ y ^ II fg i£ © - SIWc IS £ ft T SOB ft 
*S#ISfl*d>&<i:fc2O(0flS«K:K#*SBflr*55Igas#i:» £ m X. > HU IB K #r * bJ S 

LT5»ttffi*MLTft©iifr73fi*gft£tfS«fc5fcLfc©-e, ftcDjifT?3[S]«ft£ 
tf*fc4&K«^Wftfc#£»*fiJfflL&^Ci:fr&, mftit#*#<Ti«3ST'££Lfcft 
*SI&g«8tS<0ftlMWJR : P**iff-e*, S fc , K<D M'17 7} Otitic ft m * m m L T 
l^iOT, M&ft©TM^ft[H]&<Dfitfi5c£i:.5C£&<, ftXi'-y^Oftf&JWSR;? 10 

[ 0 0 5 4 ] 

ai*fli28E«oawo3ie«jw* ; F»c«i;ntf, m * * 1 is «c © a m ic na z. x , ft ft ^ © e 

a$t'gStft§L £ftT> % Z> tztb , * - * - K © » & Sg T= & -5 g & & < , £ * - F © 
[ 0 0 5 5 ] 

Sft©igi®*Mft2-fc!-£J:?tc L © T' , ft#®S§i:|H]*gJg©ipI£f#oM&ffi«T*, 
[ 0 0 5 6 ] 

»t L,T?Oi#f*%SEft?*T)ie*»8j!i^O)tOlfTSl6l*flilfilf*5CfcT, ft *| 
»ISi:lRlfifi<Offi*^o««l*iB»T, $ ft it ;*: £ < TMT5ej£Lfc»flstfi>n£*)t 

[ 0 0 5 7 ] 

is m m 5 ib m © n m © ft m mm ? tc £ n ar , 7 * h - -y * *a 5 « ji a? # * © w * £ it 

&C L ft O T' , ft#i£&£l^@JK©*I;&JfO?8*ffl£BifgT'> ffi ft it # * < T B5 i£ T' M L 

ft a ft # bj ffi & ft m ^ =f- m ft m r % c t & -v # 3 . 

[ 0 0 5 8 ] 

W5RJS6 85«0«W«Dftil?JW3R : F*i:«J:nar, 7 * h - -y * & Hfftig % ffl «r sp £ ft as 
, ft#i&&4PS)S©*i£t#oM&MT-, ?8 ft tt * # < t M T* £ £ L ft » ft M 
[ 0 0 5 9 ] 

t» * « 7 ib « © ?g 03 © ft m « ^ ^ ^ n«\ ft # & ss ± to & < tt>2«gi©7* h ^ 

•y**eil«it*ftfc-&TJB#r¥5Tgffl5#fcL, *©JBJffspprg»#<DJB#T3p*aiiLTg 40 
[ 0 0 6 0 ] 

m * « 8 ib m © m w © ft m w m k * n a , ft & ss ± to & < t & 2 mm<D ? * b =. 

ft £ & c fcTft*ifi8S4:fnH|-r®ft<oaia^*Sft«-t*-*«t3f£:L/£OT?, ft M SS i: 
HHS<B«*ftO«INflftiBWT?, ?N) ft J£ * # < TJ«iSTfiieLfc»ft5#RrflEJ8:ftSJffl* 

[ 0 0 61] 50 
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f« # js 9 mm<D^mic j: n # , jh 2 & ^ l 8 « m n ^ - ib « cq ^ #j m ^ k ^ t 

% 7*h^-y**5S«ittt, * RS 35 5* f 3 © T- , f?J * t£ 0 . 0 1 W T CD ?S /Jn & ffl flf * 

g ft r* ft fg *t <o a a m z m m ? % c t w v s % . 

[ 0 0 6 2 ] 

i$Hi os*o«W»c«feti»f» IS * * 9 IB « cd W tc ftg x. T , y * h ^ v V m M> £ (* 

J;o®^/T^^^^t-r'5^^^c{iffiy«^sBa^/J^^<T'#i.i:lBl^^c, r8 » « ;o % 'h £ < 

tscitfts, Sfc, ^MlticJ; Olffi^^EfttSi^Kfe^Tt, ^ © ft #t gfl # 
* /h £ < "T 3 C K «fc 0, *i«HJ* J ?iR«***i<IHt5C itf-p**, 10 
[ 0 0 6 3 ] 

m * is i i EtoawKintf, mmm9 mm<Df&wic)m7iT , x m a? # a* e o a a % 

^i:tct5Ctt\ JCOAtB«fflfr?.(07* h ^ -y 7 33 B B B Jl £fc ^ tc & S a6 tc , J: 0 
< ft©18S&*gMT#So 
[ 0 0 6 4 ] 

n * m i 2 ib « <d se w tc .i: ft t£ , is jr m 1 ox« 1 lKKwawtiio^T, x m # % 

[ 0 0 6 5 ] 

n * m i 3 12 «c <r> ft w k <fc ft if , I* * m. l oft^Li 2 IS m. <o ft <E fc ha x. t , 2 rk ft E 20 
rtTJBB8ffftfc7* h - -y ^«Sal#!3g<O^R6g|5^ic^LT«^TO>5i!SSl«:^Oft^AW 

i K 1 1, c t: A ! T' t 5 « 
[ 0 0 6 6 ] 

w * * 1 48s«<of8wtc«knar, is * jr 3 , 9*iai 3 cd m n & - gs co ft m w m 

[ 0 0 6 7 ] 

IS * « 1 5 IB « ® ft W <D ft ft] fp 1ft ^ tC «fc ft If , 7*h^«y*ll6JI»fcHIWa!EB8tf£gL 30 
fcft££&#lcR£SftfcB#T¥BjgaBttOBffi**g?fl;£-e;5C tf, ft ^ 35 # co ±t 

«tt«**J ftfi^cDffiffiiMttfnJftgfcftSftX-r-y^, ft 

[ 0 0 6 8 ] 

tt*a l 6 IB m <D ft W <D ft $U W m =f- fc J: ft if , 7*hx«;/**Sfi«lfcrai»i6HSfc:«fc'ja' 
« S ft 7 * h - -v ^^ B B ag|5^tc#^aSS^ft^aJ/r^5l^gi5^cDBI/f*^5fi3iLT^ft: 
£-£3Ci;tcJ:9, ftM^OMffltffittt^nlflEt^SftX^'y^, ft ft S Ji sS ft 

[ 0 0 6 9 ] 

IS * m 1 7 IB « co « m CO ft SiJ J* f W X J; ft tf , NxNvMJy^XX-fy^fcSft 40 

fflW-r/WX*«ftT« i: *< "I •? , «^H)SSS1g±tcfiBBnI 
1 t 4 0 - <fc o T , ^ - Krt<D)t-1'y^3^^->3 yfflTtX-C 7f h LT?i]fflt§C ttf 
T'f 5 0 
[ 0 0 7 0 ] 

M * « 1 8 IB *t (D B£ CD ft frj ^ / W X IC J; n (i\ 2#ftfC3SS£#TM£ftfcNx 
N x N*CD7* h - >y ^ttil«*:|S6*iSI8H:«fc*"7 h U «y ^7XX-< •y^^i.ftMPx/W 

x^^S4^)T^ ! S'J^^BS«^^c^?|fi)^•ri.c i: aj ^ t * o , tt^isjsg»«±fcgeBai^i:^i3, 

iot, # - K CD ft V * n * ^ "> a yfflftX-f-yf-fcLTfiJffl-rSCfctfTfrS. 

[ftBfl^nsg-ri.^tocDffl^cofg^] 

[ 0 0 71] 50 
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[ 0 0 7 2 ] 

*ftw<D%i-<n>nm<DBm%:m \ lb 3 & t>'@ i 9^iai2 3 fcg-^T mwt 
-So Hiti*njfiojBfleo3tww* : Fi©«»ritffij*^ , risawa:¥ffiHTfe<5o s-r, a 
« 2 # » »* & n . c (d mm 2 ± ic m x. is 3 * <d ytm & 3 , 4 , 5 # jg £ n , cti^c 

> ytm&&3tfxttwt-£n. mmm<DKmi&® 4 . 5H±tti«£iEi§:s*iT to 

t , fti»i£!S©#»fci:3*K:lB&-r, 4*«ift ) I< < * Ac, ftfiiftgl$6{;:*tLTA 
[ 0 0 7 3 ] 

fi ft as 6 fc n , a an w & a w * (ism*) ft ft it mm 2 ± ic m & & c t v it m 2 ti 
tz 7 * h ~ -y ? m a,® & 7 & m & 2 n r % 0 7 * h =- 5 ms,ffi& 7 & . mmffi&ttm 

i^. 7*h:cy*l6S©«r14U:, StS2i:ttl!K : F<OSi*s|5<D£, ■?- <D BE ■ , ft <D & g £: 

£ ft $ n (±\ 7 * h cc -y * IS A #t it 7 <D 14 tt £ ft s 3 C # V t %> o » , 7 * h 
^•y^^F^fy^SatS?* h.=.-y*18S*lii7fc:*»LT, ftJSC?Xtt»«2<D 
M * « ft 2 -<+ tUi\ 7 + h-y^/OK*Sfl:J*Sci:tfnrili:45, 
[ 0 0 7 4 ] 20 

* £ s ft £ -£ 3 c kf, *swHoKfifcWLTja«f*s<tfl(i[ttJt©3aiiaf*-p**o* 
, mffim&it'&teyt'Dfx.Mteic&itz & %> c t & t* # s . 

[ 0 0 7 5 ] 

C <0 * * fij ffl -T S fc 46 (C , * H fig <D ® A T* » > ft«fta$6©:7*h^«y*18il«ifi7 

ft 3* an. + + y 77'7X?»s > 3t*-a&£&2*ffl<^So cneotii 

[ 0 0 7 6 ] 30 

, cn^<oi«8, 9*a})i$Bff s#t Ltt^EPiio, jtmm * e k & *) mm & * mm 
fiasoRWspft^ft-rsfcftfc, ft © a a • gst^astsc t # t- # « « 

[ 0 0 7 7 ] 

0IJ X a s A W OH O » SS 3 6 7 * h - -y * *S 5 * Jfi 6 ft L X M m & ft % 8f O A *f 
JtAUDLtffctt, nil « 8 , 9 JB #r s|s Sg {fc * ^ *. * ft tf* ftOMttfCfcO, ft 

mm*7 * v =. y i m n At jfi 6 (c «t 3 ftfii ft gp 5 * mm k> LT«#SB5ceiLT^< 

o L L , ffl m 9 O S flf ap «: £ ft 2 H± , f£ ffi ffi ft & 7 * h =. -y * /< > K -v -y 7 ft K A 3 

cfc r> tc t Z> t s X « S ftT L T , it 32 BB B 5 ti /fc ft $ ft SS 4 M fc e SB L T < „ ® f/f * S ft 40 

# ^. S #1 * m 1 fc ttn -T J: o t 7° V X A 5 5 - S tc L T 33 (f , ffia&^TftJ&gWS-fr 

«c073ft(Cft^*i?S ( it ft 73 ft ) SS*J*6CtA«lft5. 
[ 0 0 7 8 ] 

[ 0 0 7 9 ] 

u > *oift*ti;4cis<. o , ftmwi&ictt Lrye<Dmft?;fa*fflW? z c ttf 50 
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& ■=> T* & £> o ton, c <d & o *micm<b? . c<om. jtf a# s, yt&sm^. 

[ 0 0 8 0 ] 

rart¥£a*lBtaS-t*-fc*>r*C£A<aijSW"ei&*. 7 * b ^ -y * B B B « ig g # T 10 

{fttBiljg^-iSXti^ft^-ttT, ««ffifflSE^«ifi*^S4*»»®a«liftfcLfc»), (ft 

[ 0 0 8 1 ] 

* it. ? * h - y t m n co n m m x » a fit s x « jw & fc » « k s h tc k » fc » « ifi k £ 

* m if 5 c T< * & o $ 6 tc , 7 * I- - -y * |g n co it X (i « iS X « S'J i£ tc S « K 
S ifi K. ^ t* fc fi$ fit ifi (c S »* Ac tt m fc J: DIEBUBtSC i: T > H J± (D W AO £ ft 3 SB # £ f* 

[ 0 0 8 2 ] 20 

t ^ 5 , Blfc^T«fc3fc#«fcftl*ifcK4Xtt5fcS2#fl^<D#IKTfcftfcr. ffi « 
8 fl! # tc (i 7 * h--y*ttS«ifi6#*j«£ftT^*&Hf±fc^. fc t£ L , C<D £ $ Itm 
VL9 & id <D 7 * h~y*ttAWjfi6tttt&£ttW2ttT^«0-?fcl:&<, 7* h - >y * SS 
*ia6K*tLT*ilL}etfX«'r*8J:U, EajS^fc^3SlRjfcA#fB*ffittT*5< 
o A &\ = ft tS 7 T £ ft «\ «?H±CEBftfitf60«T85Of, 6 0 Jg X 3 0 

tfTK*f£tf-g>7}i££SXSo ZE7itS^cD^^t(Bl1«'r-, «?OElft fiiV 9 0 SET * 5 © 
T- , 4 5iTgKJt5|^(C«, 7 * b ^ -y ^ ijg B B B © K B T fl ^ ^ ^ £> 3 Sc <D 

ft m fc w l r (i <o ft & (c « # & >& s # * & o 30 

[ 0 0 8 3 ] 
[ 0 0 8 4 ] 

3KI^J^TKWtS. H 1 9 ti , £jg»§y<Dft*£i£SS<Dft:bt)fc:, 7 * h =. -y * IS H iC 

*S T tt * mffim%ZitfflfttLT<Dmm8, 9CS«Jftft I ?I©XK^64530©« 
A M & SS 3 0 1 , 302, 3 0 3 ^*L, f «8, 9 ti , « W EP ftO , JtfiaStftiftcJ:*) 40 
; foaffi^^(SSiJli:^(t^-d:^ci:^T^i.J;^tc1?5fiSc?ftTV>i)o c<Di:^, iSsS^PS^ 
0 1 fr6X*tlftei«ti, m 8 . 9©JB#f^*a<b«-&SCi:»cj:0, « ^ 

^^^pewissss o 3 ic m m tz & tz o > mxmmi&ffi 3 0 zcgwj^ftot 4c^*i 

IRWtcfT^CttciO, i«iS©{si6]§§, IS IS £ 8§ . SIISJ: t*«1f S5. 

[ 0 0 8 5 ] 

* /c . mi 9 tc -r * tit m (± , *a x m m m. g& w 1 o x m ic m m $ ft fc> it t- it & ^ 0 m 
2 oa, mifrm^itsu^ t ltcdss«(8, 9c»««nfc«a<o^wi^6&« 3-^(0^^ 

Pfiii^ 3 0 4 , 3 0 5. 3 0 6*ffl^fc 0J*75L, IHRzkV^lfiloea*- 
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[ 0 0 8 6 ] 

. I«T$f ftSi5»© lO(Dg« 307(Di«T*^g<b?^5ili:}C<J:D ) lliSK^SI 
WTSCfctfT?**. * fc , cne.COSflT*^(kgI5^i:^-S«ii^3 0 7ti, g & 3 2 « gi 

H-Ottfl^6>46»»89»lc, « Ed /HK ^IWtSCtCioTSSLTtJ:^, 
S , 02 3C$t J:)li:t%BittK 3 0 8©4>*^fcBffi^;&^{fc£-fc>-.§>-S|J§ii3 0 7 

*It»T»lLT8B8B»fc L T t> «fe V % o C©fc#©®«f^ffifbffl5»Ofii«3 0 7 (i , 

^^Pis^Kssco^wi^fiSjtSiStcis^rtcfc^o *4 » o m -a- *c t> ^ t b > Sffi-f^t-^ 

[ 0 0 8 7 ] 

*il)5g©^^O c fe^^7tfiJffl* : ?lcoli^tti, ^ co — fi?ij L T , w T <o a o 

^-f-ilyfyyT-iSttllf, B Sf * 3 © ¥ « ft fC 2^7C©^jRR?L*«lJ«T?ffS. 
Sl**»*{±^'r L t PJ T* & 3 *Sfi« < , #0, £fcJBT€>&V>. C©¥#M§Hi 20 
IfttPViifltPtfi/fSftlf; I n P » « , CaAsi«*I«i7fyyT5Ct 
lei*), «SI**giKfc»WStfScfc-rJBjS-efrSo £ 7c , JB #f * l . 4 5 co s i O 2 ± 
{CfgfiSt^n^cSftSJgCDff^cOS i lH^tOS O I (Silicon on insulator) SS^rffl 
^TfelgSTSC c*«Tf , £<<Dil:$:'T?««SttT^S 0 «Mi:, S O I Ii«f?|slK 

m ^ e» n s fc & k mi s *i fc re * ^^n^K^nx h © a T* z t> * t m m m m & m ^ 

o 

[ 0 0 8 8 ] 

&&t*mftk<Dl£fcMT°±TXfalc%li.fflC&tbc,ti2>tf, mm ffi T* fi B fi!t * ft 7c 

ycmm&,*&m? & c tv. *nm<o&&<Dytmwm : ¥- 1 ©«it*rais-rsc. t # t* £ 5 30 

o 

[ 0 0 8 9 ] 

* 7c , C©<fc?fc*i6fcci*:7lMJ* L 7A*:=.*7 , i&*--*l', KTPJS©*««ia&, g 

UliPZT, P Z L TSS©-i:757*^K«fc5l«iI%fiI«r*IK±KJB)S, SL 

[ 0 0 9 0 ] 

t c at*, m n m m (D m fit <d ytum m ^ 1 © » m s it « ^ ~> 5 3. u — > a > k 

5CtT, 7 * h r. <y * /< V K # g ft T * Si * ti 7 * 1- c 7^/0 FitfrC i o tl^X) 
[ 0 0 9 1 ] 

o ®f/T*3. 5 <D « « tc , Hfttt-?OP3?Lfc«J:S7*h — y^lSffi«IJt6^1ll«Sn, ^ © 
R 71 ffi *c JB ffi * 1 . 4Xtt 1 . 60«Kfl*ai6iiA,/£«l««WteWLT«#f*f7-3fet> 

© t * s » c<n & ? &ffim.( / t*mfomfaicm£i l *?tm-? % c tT'-mmTz re ?l na © e 
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gftfcf-y^afCttLTRTLO^Srli, r=0. 9 a T*8;SSn§I^ffl^ft, 
[ 0 0 9 2 ] 

CCT'li. 2^rtT'tDiSrt L> ISIrtlCfSffSftt £> « « W 4ft iS (Trans ve rse El 
ectric:T E)*:- Y <D7 * F*ttIUl>§„ 
[ 0 0 9 3 ] 

H 2 (a )tf Hflfsp 1 . 4 (c Jt 1 1. ^ > K 0T t) , 82 (b)i«BJr$ 1 . 6(cJtt5M 
> K 0 T £> S o *B g T* a L fc gfl# 1*7 * h - -y * ^ K * -v «y T & K> , 2 # ft ffi <D & 

B2(a)fCib^TH2(b){4, £ <D > h* ¥ f -y 7 <D {±L M it m (Normalized F 

requency) O<6t/>73l^tC->7hLTI/->S o O$0,^tSffc^iSa0. 3 5 O^liBff? 1 10 
. 4 T- (i K ^ + -y -f ft ic tb S tz tb fc ft li jg jfi L * ^ » , iUf$ 1 . 6Ttt/OK*t 

81t5, iinp.«07* hr-yi'Ay F0lc<l:oT, JS#r*iM«ifi:«fc9ft©aiaspfMW# 

[ 0 0 9 4 ] 

C?><fc?&ftfcJM?iy:, ffe 0"J £ L T , #J * M # « « t M i: £ ffl 3 C <h (c J; 
•3 18 fS. T Z & o 03:13, GaAs-^S i IffiK 7 U V ^ 7 7 ^ - i: I 7 f > ^iCJ: ^ 

T , ft CO & ft T* & n fcf , 1 m m « T © ft 'h R ?L «r ft 9£ L , ^«Sn/fcPJTLiJ»fcffiffl«a 

iciOSfb-rsHlff^STjtt^r^L, ^«Iflr$ili0. 2lSt-$«„ g: fc , 3? IS! X v 20 
^ « ifi T * tl , ±T?5fa©ft©l3fli;i&*!>fcnJflgi:!B:S<D"P» )li"J - ft SC tft< J: 

itft-J, Xy^S^Wf^tt l ,im«Ttf»$L<, ± T 73 |r| T * - * - F £ «6 T 5 JP 

# T- & n a * o » s l ^ o *<Dtttb. c <d & r> & mi&* t & z £T°m : iift<Dmffim*$£it 

fctfRlflifcftSliiJWSR^ l ^iiStSi: t ^ f t 5 o 

[ 0 0 9 5 ] 

* » SO IlilCS i RttSJgiSL, «i8**S-p«!«>S«»S«:fc»}, ft # & SS £ 

tin^iSt^^^, IS f+ ffi % « Jig {t iT 3 c i: t , ±3Lft<t 5 4»S%t)fc^5c i: 
tft'tS, 30 
[ 0 0 9 6 ] 

coi^aiis-psnif, a f/f * <d is ^ ft m & & # j# & v % s «> k , ft 7 r -r ^ & if 

[ 0 0 9 7 ] 

C © j; ? & ft M ig ? 1 « , £ 6 <5tJ L T , J-X T CD <fc 3 lc -ft SI T § C T* # § „ 
fill % , -*rU8'J^-»?A (LN) <OZ«*7 hg a B B lS©II^, C ^'XtC»LT^ 

ffl £ . CMPSfiXIJn'^yWiLT, LNIIOS?^ 1 m £ L , « « ?L * Jt il S 40 
5 o «n ?L tc ti , f fey U 3>iftftX(±y'J nyg^IXIiSi^flf ^5t«LT*3 
< i: , WJBfc«fcS»«HfL©fift«^ / >*<J5:So C <D Vk , U X h v X ^ % ffl t,^ T -> U a > 

x T ^ -v <y y • X77SLN7* h^.-y^$S B a B %fl5®|-r^ci:7b'iT^^o 
[ 0 0 9 8 ] 

* > xUi7 ha7*l/yxicj;0 LN±0«fiii:v'U3>'±©fliMjJgK)*^i:0fll^El*I 

[ 0 0 9 9 ] 50 
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-*7mVTt7h.\C<K.XT. KTP, SBN (SrBaNbg^Hk 

») . f- $ swt'* d 7 i*m<Dmm&gk ^^muf^n^man^ u < «± p z t „ pzlt, 

f ^>t^ij H/Af (OiI-b7? 7 ^X(C« LI, P (C K 5 X <y ^ > y tc <fc 0 38 Sffl ?l 
*ft«LTt)J:i/». £ft. ->U nySItCft^T^ MgOF-^LNlfi, G 

[0 1 0 0] 

3 m ft SS * IS ft 0 , ^-f •> > i'*^ K 7 x 7 f i: J; 5 'J y -7 © X (i a * * s m & ss * 

K^3^7t^iS!ST* SoTt,* </>o 10 
[0101] 

£ ft, l n p z t <Dmmxn7 * v - y t&ikffimmmte, tuazm^z c ticmit 

2 ti & t> if T* ti ft < , V y /l/ ffi £ ffl <^ ft mi IB {* R t>* ^ co bu ffg t* <0 F7-C i 7 f y y IC J; 
K> L T fc «fc l/^o 
[0 1 0 2] 

S ft , •> U a 7 ± tc F 7 'f x -y f V y tc J: 0 0 j£ L ft tR Jffl 7L tc flt H * ?t i* L T & <fc ^ . 

L ft , !S a a p7*l-;7^fp5:ffll^Ll:taS6!lTfe5 1 * 6 fc ti , *^;5l«fli^ 
< , LNS«0*-5a:«a)t^SS!lfRS:^-r*S«tc»tffl«rgR»WK:^«(LT, « ft tc W 
Dtf ^S^4U2^Tt,J:^o 20 
[0103] 

test, jtwjajaspsftwec zmmttmm? % ft&tc, ^raMs^a (Finite Di 

fference Time Doma in ( F D T D ) Met hod) 7* •> 5 a b-v- 3 >^'(to fc„ M $ L ft cfc 5 
ftTffiKaMffiTOtx/l/^SfC,^©***!. 3 /im« RHO tf 7 f a% 0 . 4 4 /* 
m, PJ?L«*ir«:0. 1 9 8 /x m ( 2 r = 0 . 9 a)t L/c„ 7* h x 7 i' IS B B B 1 

ojitufto c tiitmm 4 v m t mtbr nm&mmicffim? z> o r-xfifaicy-mmzx 
7 * b - v * m n m m 6 <d a *t pi t m m m v <o ft <o /\ 7 - tt & e. w m l ft & 5 ( wa 

velength) tc *t t" Z> M M W> ( Transm i t tance) 0 3 IC S t o iS ft 1 . 3 (i mCfe^T, 

iff^^iic j; oaa^ii 3 5 d B«±cof it^ii;t^?>„ c n ti , Ji^irs&tt^a?) 

£ © tc + » ft i$ ft it T* & 9 , ?P»Ci)tl:l:^3 O d B «± 1 n 5 SilBi t 5 0 n m 30 

©Wttfi&»JW*&gi:L*<:8:<&fiJ 7 * h — -y * S3 A tt ifi 6 % M ffl "f & i: , 

s Pi5»T-tt4<»»<DftJSfi!i»*^*V^lf-^fe, 7 * h - <y ^ > F -y 7 fc o 
T ^ n ti" K m t 3 C fc # «J ftg T* $> -§> o 
[0104] 

t m - co n as © s tt ] 

(07Sti--r)±{C3*<Ort^iSc8Sl2, 13, 1 4 *W*tfS^lc 1 2 0fiOftS*J?ft 

fiffS. L, cne>cO^#&S§l 2. l 3, l 4<D^/Dg|5tC7tiSS^g|5p D Di:LTC07t{lrS]g|? 40 
1 5#0J*ffiEHftJB#fc}BJ8SttT»tt-5*l, ^&^©^a9KSSl 2. 1 3. 1 40-4S 
tfSI^ntl/^o ClC, ^^(D^tai&SSl 2. 1 3, 1 4<D7 l £{iftgPl 5«i)04Sa5± 
K ti , ^ O * Sg ipl (C T 7 ^ H ^ -y ^ iSS B B H tt ii 1 6 , 17, 1 8 ^S^? »]i L Tifff 

[0 1 0 5] 

ft ti . m fn m v ti » )t oiifii w i 5 tc ^ m. $ n t u> « x m m ?s © * & ti 3 * v a& § 3 

*tC|5ge^. 4*W±W)t!l(KBH?J6oTt J:^. toH, 7t*iSSSl 2. 1 3, 1 4 

tc ti 41 & * <D T* , £t&Jg^-f££:, »«8B»<offi«[^^:#<ftSc4:»cieHLTig«f»c 

j; o ytwfctf z> rctbicm&wmtfis. < ft ot , 4*gj8#«fcD#*L^. ^ft, jie^K 

SS 1 2 . 13, 1 4 CO ti m — — K T t <fc L , T ^ €■ — K tC *t L ft *I T* t> & ^ o 50 
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-®&)lc Z mi<^rzftG\2&T< & Z> t . v yl/ * - K tt « <^ < ^ # , # #1 Jfc W 0 fg £0 

7*h-y*JBAtfHfil6. 17, l S^S^-tLTffl^T^SOT', H^IUl 

[0 1 0 6] 

if 2 1 <o m&mzTik-rmwtfi} & ¥w®-u&z>o *nm<DBm<r>ftw®m=?- 2 1 « » s « 
( m -e -r ) ±ic 4 *<Dytmfo& 2 2-2 5£#j*{f5^fcK£-r5 + *#tcEM£-eT 

JB/SL, cn?.cD7taite^2 2-2 5 <D & IC ft. & Si %V> 3> t L Z (DftMfa^ 2 6 ®\ X. 
l£iE?5Btt (ZftBBVi<D-'D) lzBfS.2 ftTm.H %ft. S^©^WS!S2 2^2 50- 

[0107] 

s fc , ^ (i is) gp 2 6 *c ti % mmm^mmm cmmm) fti$*mm±ic&f$,? % c t?it 

H$n/:7* ^«Sl«iS2 7^i)S^ntl,^ 0 £ <=> *C , C07t<B(SlgI52 6 {±2* 

©ttflttKft^iSft 2*¥ja = ftJBtt©4O<0llBtt2 8-3 1 £ E # S *K &*««ffJg?2 8 
-3 1 £■ * fl flHc B ffi ^ * ^ ft £ T 7 * h=-'yt7&£hZ5>-%ffil&vim%si®ffim%it 

i: $ tit l> 3 o 
[0108] 

oio, *nffi<DBm<Dv>tffl'mm z ¥- 2 1 ias^r . Mtx©i«2 8-3 1 iciLTtf 

4fr5W7J«n5, - 75T , SH « 3 0 . 3 l<0/Btf¥*£{fc*Ht,.tt©aifl¥*SHtS-&*i 
fcf , *^i08«T?tt^'JXiig«Og»» ( 7 * >V ^ H ^ 7 - ) tftSOT, ft 

# & SS 2 2A^XKLfc)tli, ft fil ft 2 6C0^^(3 0, 3 1 <£>WET'J5W2*lT, ft # 
«SS2 3 ^e»li)ftf?n§o 
[0 1 0 9] 

H « C , SB « 2 9 . 3 0 CD ® #t ^ 3: ^ ft 2 & ft f±\ 7tli)t#«S8 2 5 ^f,WK?ni 1 „ 
[0110] 

C co J; ? (C > JS«fap%g{k$-&aSa«2 8~3 ltOffl^^^-tirtCj;'?, ft m '(& 88 2 2 

&©yeoiifT^riBi*ffiiS^iRifuiS]ttTaiiH)SH±sci^-t»f?s„ 

[01 1 1 ] 

immoi^moBmi 

if 4 i ©«j«0ij*?K-rj£HW* i FffiiaT»&*o *^s6co0^cD7 , eaiijfflHf4 1 « , a « 

( 0 Tjk -B- -T ) ±fC4*c05t#K!S4 2-4 5 % * 5 i£ £ 3 + I 2 tC BB B £ H± T 
Bf&L, C ft <b (Dftmftiffi 4 2-4 5 0 ^ g|$ (C ft *g gtf p a n £ LTc07 J £fI(Slgf54 6 # 0fl *. 
tf IE J} B # (Cf «?ntSlte.n« & % <Dftm-(& & 4 2-4 5 <0 - 

[01 1 2 ] 

* , ftWftB&4 2~4 5©ftlBlRlS54 6ffll<&4Sg|5, Stf, ft {I ft gfl 4 6 & , 7 * h 
-•yflS 9 B a |S4 7-5 ltf n «IS?nt^5. £ 6 fC , CCT)^<irSia54 6ti2*cDW 
ftttKltt^fflft2«a = ft»#©40<DfiH«5 2-5 5 tg^?tlTV^. C ft Z <D & *t 
CD mm 5 2-5 5 & 7 * I- -y ? *g H «l i§ 4 8-5 ia$##&4rfflgijK:JBflT**gfk£ 
t^nJffiSS«T$t<tS|i5Ti:JnT^§. 0>J * tf , lt^ft^#*4{Cc);31tMft^#i 

m * ffl ^ § it & t- & n «r , s^^ffiiifcmisrntf, mwfc&iitcEnJrairscttf^fifc 

[01 1 3 ] 

Ctt€><DH#fspiil£a5 (f« 5 2 - 5 5, 7 * h - y *tSSiI 4 8 - 5 1 » # ) OB 
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[0114] 

W *. tf , ffl ffr M S SB (7* h^7^^ a B a il4 9, 5 195#) o@lr$?:^t?t5 
cit, rtM&4 2fr£A*fL/cftft*ftfi£itL, ft*li&S&4 4 7b>6tB*t£n3o ft © 
B[Jt14*^-rSfc, HW^si^gP (7* h-7f g B B a fig4 9, 5 1 gf* # ) ©Wr$5:g 
ft £ & < T & , Jt^7t«ig8S4 4*>StHS*5nS^, Is]fiffCj;t)7tiStegS4 3. 4 5 t 
mt\X L 3: 3 Jt * M^bTM (7* h-y *eii!4 9. 5 1 » # ) »C J: 9 UP SJ T # 
* «ft jR * 0 , Jtfi«»5«c*fiT*-**. BP % , tt^«!isp*±tf*fc*i>K:jaifr*Rrg» ( 

7* hxyiraaiifi4 9, 5 1 « » ) %»» S C i: tf*S»©)BIIO»a?*4. 
[01 1 5 ] 

* fc , @ #T 3? 5J M (7* h-7i'^ B B 9 iig 4 9, 5 0 g|5 # ) <Dllr$%Hh? n 
, ft all & SS 4 2fre>©ft£rftjii&iJ84 5{C{IfaS#3C<ttfpJ&6T&£tf, 4 *W±0)t 

»8»tf«a«nfti)8oi^, 3ffiit^iro^ST*7t^ies%^fc^«^8S4 5 icm^vz 

& < & £ „ ftT, ffltff^pJSgP ( m m 5 3 , 5 4) ©B#rsp«rffi<t<3F-e-ft(f, 7*1) Xi 
JB«OR*fte«fc0, ft ti: ft a» i£ SS 4 5(c«|^*T'A*t$-ti^Ci:*' i BlH6T$)i. <) 
[0116] 

oiO, * H SB <D © » T « , gs ~ . S = <0SII«))g!8*ffl*^fc*«C tT, * 3* * fc 

[0117] 

[m£<OS*lffii<Dmffi] 

*?6 iois««st«ii«4¥isiH7*5. Jf&mvmmoytmmm? & 1 « , s « 

(0^-yr-T) ±(C4#cr>ftaSigg§6 2-6 5*«*tfSlMCffi2SE , rS+^ttK:Bail?-&T 
(giSL, cti6©JtHKJS6 2 ~ 6 5 © 4> ^ Sflfc ft *g ^ g|5 Q a n £: LT©ftdftgfl6 6 09 *. 

IE 7j © « (£ftJB«tt©-0) KE«ftlT»lJ6n, S««7LiK!S 6 2 - 6 5 ©- 
ffi^SIftm^. fcfc, ^3§^SScD^:g(iLT(is 0^0»J<D4#(C|Sge>-f, 5 * JJt ± 
T- & o T t> J; v^ 0 o t fe , ffi-<DH«5©Jg«<0«i^i:lRl«fc:, 

*(DKE(c*5»T, 4*lfii!)«J;!)j?Sl^, 

[0118] 

S fc, ft (I ft gtf 6 6 (i , glWW^ffltfr^ ( » « ) # ?R £ S « ± fc fiSc "T 3 C £ ?• fF 
l!l£nfc7*h--y*«gg«iS6 7tf#lJ«;£ftT^So C©ftfiifiii]g|56 6 ti2;*: 

<DWft«fCfie^jtft2Wia = ft}B«O4O(0«H«6 8~7 1 KK»*n, & * © fiR i?K 6 8 

-7 i *^4rffl»jfcja«T**a<t«^T*oiaifls|s*{|Pj»L»*jB#fs»5Kfb«a5»i:«nT 

!/•> & o 
[01 19] 

C«0J:?4lili:*^T, W * ff B Iff M ft K <fc 9 SI $c 7 O»tt©Eat*s<0**£fl:£ 
*»KB6 2 fc«||||6l»6 6OlS^»»-PT?S»e**lSt5Ci:K!S:0, ft 
if i£ SS 6 2fr£©ft%fts|!&gg6 3, 6 5 lClSl»tT»IIS*«BJIIBi44. 
[0 1 2 0) 

5 (IEEE Lightwave Techonol. Vo 1 . 1 7. p. 1 682, 1999)„ L^L, i- K^SSgT'li^ 

*KttOJBtt«>.fc3k:, S #t M i: L T 7 * h - v 5 m H BE 3»J * ffl ^5 c t tfi X' ^ ti IS, M 
[0121] 

*P8BflcomA<D^j!igosfi8^08&a ; ia9(cacJ^TifjBflTi. o i8ti, *mm<DBm 

© Jt SPJ 8P * ^ 8 1 ©tg/S#J^^t-J5i»316<3& I PB0T*£>£o * &M<D BWi <D KMB m T 8 1 
fi , £ tt ( H ^ Hi- 1" ) ±{C3*©ft#i£SS8 2~8 4%01J;t(±*5l/WCl 2 Ot^ftg^^ 
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/cttML, c ft fb <oytmi&& 8 2-8 4 <Dt£ fcsncft.m-er&s, t lt (Dytfmfo^ 8 5 

#0J;if£lEH£M(cM£ftT^tf£ft, &*Oftaiiggg8 2~8 4cD-igtfig£!£ft 
T^So CCC, &*Oft«i£SS8 2~8 4CDft{Ifa^8 5<J?JCDa$a5±{C«: x ^ <D « & gg 
filCT2fla«i07* h =■ v ? &£kffi'& 8 6-8 8 > 8 9-9 1 ft & * &. L T M ft & 

* g ft S ■& 5 c fc^Rlfl6ftJBlff*5jSEa5»i: LTJB»££ftT^<5. 
C 0 1 2 2 ] 

EP . 7* h^7^g B B B iil8 6-8 8 t7* h ^ 7 SSaliil 8 9 - 9 1 tli, g & 
SEyj^HWfllilTWfiKSftTl/^So o g; 0 , 7*hr.-y*ISiltttifi8 6~8 8fllti**!l 
W tit & (Transverse Electric: T E )K W L T g W^/CSfl: pF^T 5 ttlT * D , 7* h 
^7^S a B H Iig8 9 ~ 9 1 ffllH±a«W« a (Transverse Magnetic: T M)IC« LTS*t?*' 10 

[0123] 

* ic m 6 -f , 4 *W±Oje»KK-P6oTt>±^„ fc o , ft 3? $ SS 1 2. 1 3. 1 4 
ic (i ♦! ^ 6 5 c T , ^ISItlt, »«»#©ffi«#*S<fcSci:fc:jeBLTig0TK: 
«t 0 IttbK. 4 * S S ct 0 *f $ ll\ 

[0124] 

C <D i -5 & « fig fC *i ^ T , 7* h-'y*«ISJ>UiI*«KttT E, TMfC^f^llTt 
ttffttff**^ttS*»0. JtlS^OE^JfCfcoTttTE. TMifi7t!cWLT/^> 

l>iTE, T M M ffi ft fc « -T S M V F 4= -V -y :/ # M < ffl jfi % 15 St "T § C (± T ; £ 4 ^ . £ 
Ojft, *2SJ*©JBfi8Tti, SltTE, TMHflDtKWLT'OK^t 

S . C ft C £ 9 , KfUfSBllg * fc , C<DKfcf*fliiJW*tf-73<OK#tJifc/e 

[0125] 

fl8J * ff , 7* h-7^^Si28 6, 8 9 !Cliaj)T$f ft^^xf T E, T M ffi ffi ft % 
JgjiS-ii-s 7* h^-7 ^Jg B B B ii9 1 (Ciffi$f<l:?:#^.SC tTT Eil^^WlSIL, 7 

* h^-y*|ga«iS8 7CIifff tlt%4^5ili:T-TMl7t^ffll*lt5t, ft J© i& SS 8 
4{C(±TM(H^Jb < , ^S¥iSSS8 3tC{±TEll)t<0)t(i^*MEfl8-rS«fco{C, TMl)tt T 30 
Effift££#!$£#3Ci:tfBJfigT';J55o <£ -=> T , ft S?J W * ^ 8 1 tLTOfiftttfrte* 

m ffi v £ , W/h&flH«-c<D# — F ft y # n * ^ -> a >fflfx-f7f^Slt5i: £ # 

[0126] 

iC5f, H9ICT Ei3tS0FTM«3!£Kitt57* h-7 {'/<l'KB*n?t. » « ® 
#r * 2 . 2, ffi«R*L<0 = ft«?T:7*h^-y*ISiRtf#llS<*ft> ¥Sri: e -y f aOtt 
^Cir = 0. 8 a T* & 3 „ $ fc , 0 2tD«^fc|BI«(i:¥ffl®®MffiT'W-fiEL/i:o C co fll fig 
t' 35 S i , ffi*75[^]<DiSS^^ h/HC«LTT Ei)tT'(i7* h :=. v * V K 4* * v :/ 
SfiLTIi 1 TM<l7t{C^LTt±W^75-^]©K3gj-<^ h /I/ © # m 7 * h - <y ? > F 

^ ■ + >y y # # ft -r s o B9t*^T, *a « <t « a o . 4 ic»f& l ax & a at 40 

[0127] 

* , **Sfi<0^«fi:fel,>Tfe, 7* h-7i'SgIiig 8 7, 9 0<DHfr$X(i7* h 

^7 7^ a B B fii8 s, 9ioffl#f**Ri«FfcKft$-a-*ci:-p, & ft s-e* 

[0128] 

0 1 0 (1 , MJ&cDMcDftf&ISpffS^ 1 0 1 Oifi!i«%StllWSf 107$ 50 
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So ^nm^mm^ytmrnm^ \ o 1 it. as ( a * -s ■** ) ±(c3*o^#&ssi 02- 
1 0 4*iiBs^ic 1 2om<Dftg.*ftrc-&TBftiL. c tx h <d ft » & & 1 02-1 0 

4c04"/DgP«C^^^^n D pi:LTO^<lffi]g|5l 0 5##J*ttIEHftJgtUcM£tlTt3tte> 
ft , & * <D ft 3* i& 8S 1 0 2-1 0 4 ©-SS^g^?tlt^5o CclC, & * <D ft * i£ SS 1 

0 2—1 0 4 CD ft <S [n] g|S 1 0 5 0?) CD SB ± fC tt , ^cD^teggGgtCTT^h^-y^fgeifiiig 

1 0 6~i 08&&*&iiLx®ffim*&it2&?>cttf^m*]3iyTm*j&®fttLzB 

[0129] 

C C (C > *^)5iB<OfBffic07*h--v^itg B ^^jfil 06~1 0 8 tt , fflUlf 0 1 1 (a) 
tc in f £ 5 ft 7 * h^-y*ttftJii:S*u 1 0 9ti«fnit7^ h->y^^ B B H fc 10 

ft PS 3$ 1 lO*«*i&trcfcTft«S8*ie*JBJ«LT^5o 7* h-v 
«St«g*$i:J;oTl45. ft Pig 35 1 l Ott£ft|ifBT'fcJ:<, ftP§cD{B$c&fc!Fl4fc 
ioTU?TtS. C <0 HI » # I ! OICJ: 0 7^ h'^t 7 7 1 f«5T'#t©S 

ft*»ojiicj£tttf, jg a -r * c £ # bj flg t ft * o 

[0130] 

*^MS<Z>JB!lg<OJ:'3*«ifiK:«J:*i:, Iffi^Ht!;: J; § 7 =t h^-y * /ty 

•5 & s # ft < , ttts* — hsii^ct, fc> -r ft a > k <o g ft t* x -r y f- y v 1$ n fit t 
ft & 0 o n 9 . f¥ se cd & « tc m -rn tt\ f t)t¥ttiiT'ajJr$E(t^o. o i«t<d« 

» T- t S I* ^ M tP ( 21 ii ap faj fP ) 5J m t ft 5 o 
[0131] 20 

0 i 2 a i *ij$j«©ifcgfcttrsaa*®ffifl:*i5LfcS'5i u - a > fa s * ^ -r 

tt 0 "C & 3 „ # 0>J tt , P3?l = ftEii|07* h-y*«ST*t), If 7 f a = 4 0 0 n m, 
¥3r=320nm ( r = 0 . 80a) T*5. £ it > il©lffi$ti2. 2£L, R?L 

35 # © m m m tt 1 . o t l & . 

[01 32] 

T E^e - h'icWLT, r-X73(p]tCiSS8 5 0 nmCt:-^^^oA;!/X^AIfLT> 
FDTDitl(a»)->;al^-y3>Lf;„ £ , Bffi**l%l5{b£-&;fcfc€?<DfiiSt> 
PI B# fC 5* -T o fiflf* 1 %«f ItT'&fif ftli 5 n mgfit'feSo ffi ft tt tt 7 * h - «y 9 ffi 

[0133] 

COi^SHfr^gfc^iBctttfiiLTH;, I^7i'Jf ^A, PZLT, -fe ^ 5 -y 

X7Miffli>Tti %cos in mm. it ^gctct (4 siit'S§„ cnzvkmiftftit. 
as — t* £ it tc m c* s c t ic «t 0 , 3g$^7n7:r^;i/£frj8sT&c£# s -c 5 ££o 

[01 34] 

02 4&(f0 2 5 tt , #fi»ffi#©IBI««:l|iiJWLfcia»<D7* h--y^!SiittS8l«:«l 

utscif, tt«e-*<D¥fflffc*wtefc*-&*tj«0iJ*iK-r. 02414, 3 o cd ft ps 

gR»4 0 1 , 4 0 2, 4 0 3*iStt, **CO^^PISg|5^4 0 2 <D ffi ffi * f& (O & Xtfc&ft 4 
01. 403COO. 5-0. 8 fg ( H tJ* Bfltt . 0 7 8 ^) (C t 5 C i: IC 4 *) , 0 1 1 (C ti 40 
tt 3 1 O cD /jiSjl ft Pig g|? # 1 1 0**6ftSfcl««ifi«#*«»©ttfcra**-fS£S 3 FiS-tt 
ft PS #? i£ £ L , CtlZL N *4 P> ft £ 7 * h--y*liaffi#tBS**lfiRLfc«><D-pfc.6, 

02 5 tt , 02 4 ICinT &m^t% — ^^P(5«|jfi<02ljl^<0^{t«r^b/'c:S/5ilx-i/3V 
ISST*«, 0 2 5 © 0IJ {4 . 0 1 2 t m m K , P3?L = ftE5U©7*h-'y**eS-efc'J, 
t!7f a = 4 0 0 nm, ¥Sr=320nm (r=0. 80a) T^0> LNttfi©Ii 
*^2. 2 t L, P3?LaB#©JB#r**l. OfcLft. B2 5E*^T, 2#cD3!$!§!tf£K 
^^-^^RS«ifiT'$.t», 2#cDfi£i!jittl*&i:LT^-f0i 2CDlf^cD10CD*!tftP( H fr"= ) 
ftS^PBWififfl^OjgiS^Tfe* (6«02**'n = ni . £l®2*^n = n , - An 
0«$*S«iLT^5) o COit, 0 2 5 }c *5 T tt . «ftili®*i&gfr6 0. 5n 
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tc*%'£<Dffiyctti> 3 0 d B t-T 3 C t^^LT^So C tl fc L T , 1 O © fcjl 7* R6 3$ # 1 
10fr?>ft£«M#fificDii^{;i:, ftA-M^Sftfr^O. 5 mi^iA'->7 h Lfc^^t 
ti > ig$*#5 0%l.XTfcft , y, $ , HJT$g(t*f^fci|^Ofi^ttfe2 5 d BTJ 

oto^^Rggp^^e^^fttigiisifito^^jcot, ssia^Ai^, o ?i it * fa 

[0135] 

BlO-e«, ftWKIStt, 102, 1 03, 1 0 4 t LT7t7 7^^^)tA'£iS 

* ¥ ffi a t & a o 02 6tcfci/>rti, JS«f*a^tsi5»**-«-*e»^riRji:s*s^rifii©tt 

^»fC«fcSttfiS«iai5 0 1 ICfeffiZntz 1 WO^|S6^e,aS30©«^|SIS#iftlS5 0 2 
, 503, 5 0 4 tWf4. COftiffil50 ltt, 1)191111, ftHBatftiflCfc?)^© 
JB«f**g{tS-a:*Cfc^-ptrS«k'5fC«fiRSnTi/^So C © £ ^ , fcS^Mi£S&5 0 4 
ft»6X»Lfc£»}tttt, Afiffi«ti5 0 I OB«f**S{bS^SCtKJ: 9, £ » Jt * « 

* » « k is 5 o 3 a jt £ -a- o , *§? 7; r§ j» & sg 5 o 2 icgwj^fcotsc 
(ctT^cttCckO. iaiicofilfagg, g&££gg, l«ffiHTisi^LiA«if*5, 20 

[0136] 

* fc , 02 7 1C tt: <fc -5 f£ 1 *®lilftKVj&|g5 0 5<D4«*ffl5K:JB#TSp&gfl:S-a-Stt 
£ gg flt ifi 5 0 6 > 7< Pig a* & SS 5 0 5fC#LT®ift<tft&ftJg^Wt-£WSfC|$gj££n3 

*5 » t* a ft < , mmyzmmmm 5 o 5 <D%.t&?} fa t mm. icmitr t> 
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CLAIMS 



[Claim(s)] 
[Claim 1] 
Substrate, 

The optical coupling components formed of the photograph nick crystal structure on this substrate, 

The refractive-index variable part which is prepared in said a part of photograph nick crystal structure, and 

classifies said optical coupling component into at least two fields, 

Preparation, 

The optical controlling element to which present reflex action to to at least one wave number by the 
interface of said field classified by changing the refractive index of said refractive-index variable part, and it 
was made to change the travelling direction of light. 
[Claim 2] 
Substrate, 

Optical waveguide formed on this substrate, 

The optical coupling components to which it was formed of the photograph nick crystal structure on said 
substrate, and said optical waveguide was connected, 

The refractive-index variable part which is prepared in said a part of photograph nick crystal structure, and 

classifies said optical coupling component into at least two fields, 

Preparation, 

The optical controlling element to which present reflex action to to at least one wave number by the 
interface of said field classified by changing the refractive index of said refractive-index variable part, and it 
was made to change the travelling direction of light. 
[Claim 3] 
Substrate, 

Two or more optical waveguides formed on this substrate, 

The optical coupling components to which it was formed on said substrate and said at least three optical 
waveguides were connected, 

The photograph nick crystal structure which was located in the edge by the side of said connected optical 

coupling component, and was formed on said optical waveguide, 

Preparation, 

The optical controlling element to which it was made to change the permeability of the light which transmits 
said optical waveguide corresponding to the photograph nick crystal structure concerned by changing the 
refractive index by using said photograph nick crystal structure part as a refractive-index change part. 
[Claim 4] 
Substrate, 

Two or more optical waveguides formed on this substrate, 

The optical coupling components to which it was formed by the photograph nick crystal structure on said 

substrate at the polygon configuration, and said at least four optical waveguides were connected, 

Two or more refractive-index variable parts classified in the field to which the diagonal line of said optical 

coupling component of a polygon configuration is connected, 

Preparation, 

The optical controlling element it was made to deflect the travelling direction of the light from said optical 
waveguide by changing independently the refractive index of said refractive-index variable part. 
[Claim5] 
Substrate, 
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Two or more optical waveguides formed on this substrate, 

The optical coupling components to which it was formed by the photograph nick crystal structure on said 
substrate at the polygon configuration, and said at least four optical waveguides were connected, 
The photograph nick crystal structure which was located in the edge by the side of said connected optical 
coupling component, and was formed on said optical waveguide, 

Two or more refractive-index variable parts classified in the field to which the diagonal line of said optical 
coupling component of the photograph nick crystal structure part formed on said optical waveguide and a 
polygon configuration is connected, 
Preparation, 

The optical controlling element it was made to deflect the travelling direction of the light from said optical 
waveguide by changing independently the refractive index of said refractive-index variable part. 
[Claim 6] 
Substrate, 

Two or more optical waveguides formed on this substrate, 

The optical coupling components to which it was formed by the photograph nick crystal structure on said 

substrate at the polygon configuration, and said at least four optical waveguides were connected, 

Two or more refractive-index variable parts classified in the field to which the diagonal line of said optical 

coupling component of a polygon configuration is connected, 

Preparation, 

The optical controlling element it was made to branch the light from said optical waveguide by changing 
independently the refractive index of said refractive-index variable part. 
[Claim 7] 
Substrate, 

Two or more optical waveguides formed on this substrate, 

The optical coupling components to which said at least three optical waveguides were connected, 

At least two kinds of photograph nick crystal structures including the structure which is located in the edge 

by the side of said connected optical coupling component, is formed on said optical waveguide, and reflects 

or penetrates an electric transverse wave, and the structure which reflects or penetrates a magnetic transverse 

wave, 

The refractive-index variable part from which it is set as these photograph nick crystal structure parts, and 

the permeability of an electric transverse wave or a magnetic transverse wave changes, 

Preparation, 

The optical controlling element into which made it make an electric transverse wave and a magnetic 
transverse wave divide by changing independently the refractive index of said refractive-index variable part. 

[Claim 8] 
Substrate, 

Two or more optical waveguides formed on this substrate, 

The optical coupling components to which said at least three optical waveguides were connected, 

At least two kinds of photograph nick crystal structures including the structure which is located in the edge 

by the side of said connected optical coupling component, is formed on said optical waveguide, and reflects 

or penetrates an electric transverse wave, and the structure which reflects or penetrates a magnetic transverse 

wave, 

The refractive-index variable part from which it is set as these photograph nick crystal structure parts, and 

the permeability of an electric transverse wave or a magnetic transverse wave changes, 

Preparation, 

The optical controlling element to which it was made to change the permeability of the light which transmits 
said optical waveguide by changing independently the refractive index of said refractive-index variable part. 

[Claim 9] 

Said photograph nick crystal structure is the optical controlling element of claim 2 thru/or the any 1 
publication of 8 which has a defective part. 
[Claim 10] 

Said photograph nick crystal structure formed on said optical waveguide is the optical controlling element 
according to claim 9 to which become from a two-layer photograph nick crystalline array at least, and it was 
made to change a refractive index between the layers which have said defective part, or to the whole 
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photograph nick crystal structure part. 
[Claim 11] 

Said photograph nick crystal structure formed on said optical waveguide is the optical controlling element 
according to claim 9 to which become from the photograph nick crystalline array of the same two-layer 
number of layers at least, and it was made to change a refractive index between the layers which have said 
defective part, or to the whole photograph nick crystal structure part. 
[Claim 12] 

The optical controlling element according to claim 1 0 or 1 1 whose photograph nick crystalline array of said 
photograph nick crystal structure formed on said optical waveguide is ten or less layers. 
[Claim 13] 

Claim 10 which has the propagation wave propagation wave number vector component which spreads a 
photograph nick crystal in addition to the direction which intersects perpendicularly in the direction of a 
straight line of said defective part of said photograph nick crystal structure formed on said optical 
waveguide, and carries out incidence to said defective part thru/or the optical controlling element of any 1 
publication of 12. 
[Claim 14] 

Said photograph nick crystal structure formed on said optical waveguide is the optical controlling element of 
claims 3 and 9 thru/or the any 1 publication of 1 3 which has two or more defective parts from which 
magnitude differs. 
[Claim 15] 

The substrate which has the photograph nick crystal structure, 

Two or more photograph nick crystal line defect waveguides formed into said photograph nick crystal 
structure on said substrate, 

The refractive-index variable part set as the optical coupling part which such photograph nick crystal line 

defect waveguides intersected, 

Preparation, 

The optical controlling element it was made to make the resonance state of said optical coupling part control 
by changing the refractive index of said refractive-index variable part. 
[Claim 16] 

The substrate which has the photograph nick crystal structure, 

Two or more photograph nick crystal line defect waveguides formed into said photograph nick crystal 
structure on said substrate, 

The refractive-index variable part respectively set as the photograph nick crystal part separated by such 

photograph nick crystal line defect waveguides, 

Preparation, 

The optical controlling element to which it was made to change independently the refractive index of said 
these refractive-index variable parts. 
[Claim 17] 
Substrate, 

Optical waveguide of the NxN book which was made to intersect two-dimensional and was formed on this 
substrate, 

The optical coupling components of two N to which the optical waveguide which is respectively arranged in 

a part for the intersection of such optical waveguides, and corresponds was connected, 

Preparation, 

The optical control device currently formed as claim 1 in which the circumference of said optical coupling 
components part contains a refractive-index variable part respectively thru/or an optical controlling element 
of any 1 publication of 14. 
[Claim 18] 

The substrate which has the photograph nick crystal structure, 

Photograph nick crystal line defect waveguide of the NxNxN book which was made to intersect two- 
dimensional and was formed into said photograph nick crystal structure on said substrate, 
Preparation, 

The optical control device with which the optical coupling part which such photograph nick crystal line 
defect waveguides intersected contains a refractive-index variable part respectively and which is formed as 
an optical controlling element according to claim 15 or 16. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention uses a photograph nick crystal structure, and relates to an optical controlling element and an 
optical control device applicable to an optical switch, an optical intensity modulator, etc. 
[Background of the Invention] 
[0002] 

The photograph nick crystal is overly expected as a minute optical integrated circuit or a new functional 
light corpuscle child at forming the photograph nick band gap which is the forbidden band of a photon 
according to the dielectric period structure of wavelength extent, and the point which shows unique 
effectiveness with strong dispersibility. Optical controlling elements with a very minute optical path 
modification function, such as an optical switch and an optical intensity modulator, can consist of using 
these properties. 
[0003] 

As a path converter of light, various configurations are proposed with the application and ingredient. 
For example, he is trying to make the path of light change by moving the optical-path modification liquid 
which has a different refractive index from it in the working fluid which the refractive index adjusted 
according to the patent reference 1 . 
[0004] 

Moreover, he moves a mirror and is trying to make the path of light change by inserting the mirror pinched 

by the electromagnet between optical waveguides according to the patent reference 2. 

[0005] 

Furthermore, in the optical communication of a basic system, the system using a reflecting mirror by the 

Micro Electro-mechanical system:MEMS technique is used. 

[0006] 

However, it is difficult to make switching speed quick by these approaches, since the mechanical body 
migration by the heat type pressure generator or the electromagnet is used, although there is an advantage 
that a configuration is easy and a large extinction ratio can be taken. 
[0007] 

As this point and a high-speed optical switch, the directional coupler mold or Mach TSUENDA mold which 
consisted of lithium niobate is common, and although commercial production is carried out, since 
component length is as large as several cm, it is difficult [ it ] to use for the optical switch for optical 
INTAKONEKUSHON in the board on which the semiconductor chip has been arranged. 
[0008] 

The method of using the strong dispersibility which the photograph nick crystal called the super prism 
effectiveness (10096 58 PR B, vol. p. 1998) has as an optical path converter using a photograph nick crystal 
on the other hand is proposed. As for the optical-path converter using the super prism effectiveness, the 
example of a configuration is shown by the patent reference 3. 
[0009] 

Drawing 18 shows one of the examples of a configuration proposed with the patent reference 3, incidence is 
aslant carried out to the proper shaft of the photograph nick crystal 202 through the waveguide 201 before 
current impregnation, and the locus of the light which spreads under a photograph nick crystal is taken as 
the direction shown by the continuous-line arrow head among drawing with the distributed property of the 
photograph nick crystal 202. That is, light is outputted to the waveguide 203 of a channel 1 (CHI). The 
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locus of propagation light changes in the direction shown by the broken-line arrow head among drawing, 
and light is outputted to the waveguide 204 of a channel 2 (CH2) because the refractive index of the medium 
which constitutes the photograph nick crystal 202 will change and angle of refraction will change on the 
other hand according to it, if current impregnation is performed. That is, in order that a deflection angle may 
change a lot according to the super prism effectiveness, it is the method with which light is switched to the 
outgoing radiation side waveguide 204. 
[0010] 

[Patent reference 1] JP,2002-221680,A official report 
[Patent reference 2] JP,2002- 122798, A official report 
[Patent reference 3] JP,2002-303836,A official report 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0011] 

However, if the super prism effectiveness by the photograph nick crystal is [ whenever / incident angle ] 
very sensitive to the wavelength of light and wavelength changes, a deflection angle will change a lot. 
Moreover, since it is necessary to fix the incident angle over a photograph nick crystal and reflection by the 
end face also exists strongly, practical application has many points which must be solved. 
[0012] 

Moreover, a photograph nick crystal is built into the interferometer together put with Mach TSUENDA or a 
directional coupler, although there is also a method which is going to realize the modulation and optical- 
path modification of light, there is almost nothing as which concrete construction was considered in detail, 
and there is no component put in practical use. 
[0013] 

The purpose of this invention is offering the small and highly efficient optical controlling element and the 
optical control device which can realize various kinds of optical-path modification in modulating the 
refractive index of a photograph nick crystal structure part. 
[0014] 

It is offering the optical controlling element in which the actuation with magnitude comparable as optical 
waveguide width of face which it was detailed, and the extinction ratio's was large, and was stabilized at 
high speed is more specifically possible. 
[0015] 

Moreover, it is offering the optical controlling element to which the tolerance of the design produced from 

the polarization property of a photograph nick crystal is expandable. 

[0016] 

Moreover, it is consisting of very minute fields and offering the optical controlling element in which 
prehension and disconnection of a photon are possible. 
[Means for Solving the Problem] 
[0017] 

The optical coupling components with which the optical controlling element of invention according to claim 
1 was formed of the photograph nick crystal structure on a substrate and this substrate, The refractive-index 
variable part which is prepared in said a part of photograph nick crystal structure, and classifies said optical 
coupling component into at least two fields, Reflex action is presented to at least one wave number by the 
interface of said field classified by changing the refractive index of a preparation and said refractive-index 
variable part, and it was made to change the travelling direction of light. 
[0018] 

Therefore, since mechanical body migration is not used in order to change the travelling direction of light, 
optical controlling elements, such as an optical path converter by which whose extinction ratio was large 
and was stabilized at high speed, can be constituted. Moreover, optical controlling elements, such as an 
optical switch, can be constituted, without taking the interference system of a complicated light, and the 
configuration of an optical circuit, since reflex action is used for change of the travelling direction of light. 
[0019] 

The optical waveguide by which the optical controlling element of invention according to claim 2 was 
formed on a substrate and this substrate, The optical coupling components to which it was formed of the 
photograph nick crystal structure on said substrate, and said optical waveguide was connected, The 
refractive-index variable part which is prepared in said a part of photograph nick crystal structure, and 
classifies said optical coupling component into at least two fields, Reflex action is presented to at least one 
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wave number by the interface of said field classified by changing the refractive index of a preparation and 

said refractive-index variable part, and it was made to change the travelling direction of light. 

[0020] 

Therefore, in addition to invention according to claim 1, the path converter of a lightwave signal is 
realizable in a detailed area with width of face comparable as optical waveguide. Furthermore, since it can 
be efficient and the light on a beam with an include-angle component can be reflected by using the band gap 
of a photograph nick crystal, it is not necessary to be the waveguide of a single mode, and it becomes 
possible to constitute optical waveguide also from waveguide in the many modes. 
[0021] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 3 
was formed on a substrate and this substrate, The optical coupling components to which it was formed on 
said substrate and said at least three optical waveguides were connected, The photograph nick crystal 
structure which was located in the edge by the side of said connected optical coupling component, and was 
formed on said optical waveguide, It was made to change the permeability of the light which transmits said 
optical waveguide corresponding to the photograph nick crystal structure concerned by changing the 
refractive index by using a preparation and said photograph nick crystal structure part as a refractive-index 
change part. 
[0022] 

Therefore, the optical controlling element in which the actuation by which whose extinction ratio was large 
and was stabilized at high speed in a detailed area with width of face comparable as optical waveguide by 
changing the permeability of the light which the refractive index is changed by using a photograph nick 
crystal structure part as a refractive-index change part, and transmits the optical waveguide corresponding to 
the photograph nick crystal structure concerned is possible can be offered. 
[0023] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 4 
was formed on a substrate and this substrate, The optical coupling components to which it was formed by 
the photograph nick crystal structure on said substrate at the polygon configuration, and said at least four 
optical waveguides were connected, It has two or more refractive-index variable parts classified in the field 
to which the diagonal line of said optical coupling component of a polygon configuration is connected, and 
was made to deflect the travelling direction of the light from said optical waveguide by changing 
independently the refractive index of said refractive-index variable part. 
[0024] 

Therefore, the optical controlling element in which the actuation by which whose extinction ratio was large 
and was stabilized at high speed in a detailed area with width of face comparable as optical waveguide by 
changing the refractive index by using a photograph nick crystal structure part as a refractive-index change 
part, and deflecting the travelling direction of the light from optical waveguide is possible can be offered. 
[0025] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 5 
was formed on a substrate and this substrate, The optical coupling components to which it was formed by 
the photograph nick crystal structure on said substrate at the polygon configuration, and said at least four 
optical waveguides were connected, The photograph nick crystal structure which was located in the edge by 
the side of said connected optical coupling component, and was formed on said optical waveguide, Two or 
more refractive-index variable parts classified in the field to which the diagonal line of said optical coupling 
component of the photograph nick crystal structure part formed on said optical waveguide and a polygon 
configuration is connected, It was made to deflect the travelling direction of the light from said optical 
waveguide by changing independently the refractive index of a preparation and said refractive-index 
variable part. 
[0026] 

Therefore, the optical controlling element in which the actuation by which whose extinction ratio was large 
and was stabilized at high speed in a detailed area with width of face comparable as optical waveguide by 
changing the refractive index independently by using a photograph nick crystal structure part as a refractive- 
index change part, and deflecting the travelling direction of the light from optical waveguide is possible can 
be offered. 
[0027] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 6 
was formed on a substrate and this substrate, The optical coupling components to which it was formed by 
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the photograph nick crystal structure on said substrate at the polygon configuration, and said at least four 
optical waveguides were connected, It has two or more refractive-index variable parts classified in the field 
to which the diagonal line of said optical coupling component of a polygon configuration is connected, and 
was made to branch the light from said optical waveguide by changing independently the refractive index of 
said refractive-index variable part. 
[0028] 

Therefore, the optical controlling element in which the actuation by which whose extinction ratio was large 
and was stabilized at high speed in a detailed area with width of face comparable as optical waveguide by 
changing the refractive index independently by using a photograph nick crystal structure part as a refractive- 
index change part, and branching the light from optical waveguide is possible can be offered. 
[0029] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 7 
was formed on a substrate and this substrate, The structure which is located in the edge by the side of said 
optical coupling component connected with the optical coupling components to which said at least three 
optical waveguides were connected, is formed on said optical waveguide, and reflects or penetrates an 
electric transverse wave, At least two kinds of photograph nick crystal structures including the structure 
which reflects or penetrates a magnetic transverse wave, It has the refractive-index variable part from which 
it is set as these photograph nick crystal structure parts, and the permeability of an electric transverse wave 
or a magnetic transverse wave changes, and was made to make an electric transverse wave and a magnetic 
transverse wave separate by changing independently the refractive index of said refractive-index variable 
part. 
[0030] 

Therefore, since it was made to make an electric transverse wave and a magnetic transverse wave separate 
by giving at least two kinds of photograph nick crystal structures, considering as a refractive-index variable 
part, and changing independently the refractive index of the refractive-index variable part on optical 
waveguide, the polarization dependency of the optical controlling element concerned produced from the 
polarization property of a photograph nick crystal can be canceled, and the tolerance of the design produced 
from a polarization property can be expanded. 
[0031] 

Two or more optical waveguides by which the optical controlling element of invention according to claim 8 
was formed on a substrate and this substrate, The structure which is located in the edge by the side of said 
optical coupling component connected with the optical coupling components to which said at least three 
optical waveguides were connected, is formed on said optical waveguide, and reflects or penetrates an 
electric transverse wave, At least two kinds of photograph nick crystal structures including the structure 
which reflects or penetrates a magnetic transverse wave, It has the refractive-index variable part from which 
it is set as these photograph nick crystal structure parts, and the permeability of an electric transverse wave 
or a magnetic transverse wave changes, and was made to change the permeability of the light which 
transmits said optical waveguide by changing independently the refractive index of said refractive-index 
variable part. 
[0032] 

Therefore, since it was made to change the permeability of the light which transmits optical waveguide by 
giving at least two kinds of photograph nick crystal structures, considering as a refractive-index variable 
part, and changing independently the refractive index of the refractive-index variable part on optical 
waveguide, the optical controlling element in which the actuation by which whose extinction ratio was large 
and was stabilized at high speed in a detailed area with width of face comparable as optical waveguide is 
possible can be offered. 
[0033] 

As for said photograph nick crystal structure, invention according to claim 9 has a defective part in claim 2 

thru/or the optical controlling element of any 1 publication of 8. 

[0034] 

It becomes possible to follow, for example, to control the permeability of a lightwave signal by 0.01 or less 

minute refractive-index change. 

[0035] 

Said photograph nick crystal structure formed on said optical waveguide consists of a two-layer photograph 
nick crystalline array at least, and it was made for invention according to claim 10 to change a refractive 
index in an optical controlling element according to claim 9 between the layers which have said defective 
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part, or to the whole photograph nick crystal structure part. 
[0036] 

Therefore, in addition to invention according to claim 9, refractive-index change of only a defective part can 
be produced in addition to the approach of producing the whole photograph nick crystal or refractive-index 
change of the whole specific region. 
[0037] 

Said photograph nick crystal structure by which invention according to claim 1 1 was formed on said optical 
waveguide in the optical controlling element according to claim 9 consists of a photograph nick crystalline 
array of the same two-layer number of layers at least, and it was made to change a refractive index between 
the layers which have said defective part, or to the whole photograph nick crystal structure part. 
[0038] 

Therefore, by making the same the number of layers from a defective part in addition to invention according 
to claim 9, since the photograph nick crystal number of layers from the close outgoing radiation side of light 
becomes equal, the path of light can be changed more efficiently. 
[0039] 

The photograph nick crystalline array of said photograph nick crystal structure by which invention 
according to claim 12 was formed on said optical waveguide in the optical controlling element according to 
claim 10 or 1 1 is ten or less layers. 
[0040] 

Therefore, light can be deflected by refractive-index change, changing the resonator property in a defective 
part and maintaining the permeability of light by controlling the number of layers of the photograph nick 
crystal whose defective part is pinched in addition to invention according to claim 10 or 11. 
[0041] 

Invention according to claim 13 has the propagation wave propagation wave number vector component 
which spreads a photograph nick crystal in addition to the direction which intersects perpendicularly in the 
direction of a straight line of said defective part of said photograph nick crystal structure formed on said 
optical waveguide, and carries out incidence to said defective part in claim 10 thru/or the optical controlling 
element of any 1 publication of 12. 
[0042] 

Therefore, the permeability of light is controllable even if it carries out incidence of the light with the wave 
number which leans to the defective part of the photograph nick crystal structure formed in the two- 
dimensional side in addition to invention claim 10 thru/or given in 12. 
[0043] 

Said photograph nick crystal structure by which invention according to claim 14 was formed on said optical 
waveguide in claims 3 and 9 thru/or the optical controlling element of any 1 publication of 13 has two or 
more defective parts from which magnitude differs. 
[0044] 

Therefore, it becomes possible to constitute optical controlling elements which it also became possible to 
extend equivalent wavelength bandwidth, for example, extended the tolerance to fluctuation of the 
oscillation wavelength of semiconductor laser, such as an optical switch and an optical modulator. 
[0045] 

The optical controlling element of invention according to claim 15 is equipped with the substrate which has 
the photograph nick crystal structure, two or more photograph nick crystal line defect waveguides formed 
into said photograph nick crystal structure on said substrate, and the refractive-index variable part set as the 
optical coupling part which such photograph nick crystal line defect waveguides intersected, and it was 
made to make the resonance state of said optical coupling part control by changing the refractive index of 
said refractive-index variable part. 
[0046] 

Therefore, optical controlling elements, such as an optical switch whose prehension and disconnection of a 
lightwave signal are attained, a lightwave signal delay element, and an optical filter, can consist of changing 
the refractive index of the refractive-index variable part set as the optical coupling part which photograph 
nick crystal line defect waveguide intersected by making the resonance state of an optical coupling part 
control. 
[0047] 

The optical controlling element of invention according to claim 16 is equipped with the substrate which has 
the photograph nick crystal structure, two or more photograph nick crystal line defect waveguides formed 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,2004-334190,A [DETAILED DESCRIPTION] 



Page 6 of 23 



into said photograph nick crystal structure on said substrate, and the refractive-index variable part 
respectively set as the photograph nick crystal part separated by such photograph nick crystal line defect 
waveguides, and it was made to change independently the refractive index of said these refractive-index 
variable parts. 
[0048] 

Therefore, optical controlling elements, such as an optical switch whose prehension and disconnection of a 
lightwave signal are attained, a lightwave signal delay element, and an optical filter, can be constituted by 
changing independently the refractive index of the refractive-index variable part respectively set as the 
photograph nick crystal part separated by photograph nick crystal line defect waveguide. 
[0049] 

The optical waveguide of the NxN book which the optical control device of invention according to claim 17 
was made to cross in two-dimensional on a substrate and this substrate, and was formed, It has the optical 
coupling components of two N to which the optical waveguide which is respectively arranged in a part for 
the intersection of such optical waveguides, and corresponds was connected, and is formed as claim 1 in 
which the circumference of said optical coupling components part contains a refractive-index variable part 
respectively thru/or an optical controlling element of any 1 publication of 14. 
[0050] 

therefore, NxN — a matrix switch — it becomes possible to constitute an optical control device to a very 
minute field, and on an electronic-circuitry substrate, arrangement becomes possible and, therefore, it can 
use as an optical switch for optical INTAKONEKUSHON in a board. 
[0051] 

The optical control device of invention according to claim 1 8 is equipped with the substrate which has the 
photograph nick crystal structure, and the photograph nick crystal line defect waveguide of the NxNxN book 
which was made to intersect two-dimensional and was formed into said photograph nick crystal structure on 
said substrate, and is formed as an optical controlling element according to claim 15 or 16 in which the 
optical coupling part which such photograph nick crystal line defect waveguides intersected contains a 
refractive-index variable part respectively. 
[0052] 

therefore, it is based on the photograph nick crystal line defect waveguide of the NxNxN book which was 
made to intersect two-dimensional and was formed — a matrix switch — it becomes possible to constitute an 
optical control device to a very minute field, and on an electronic-circuitry substrate, arrangement becomes 
possible and, therefore, it can use as an optical switch for optical INTAKONEKUSHON in a board. 
[Effect of the Invention] 
[0053] 

The optical coupling components which were formed of the photograph nick crystal structure on a substrate 
and this substrate according to the optical controlling element of invention according to claim 1, The 
refractive-index variable part which is prepared in said a part of photograph nick crystal structure, and 
classifies said optical coupling component into at least two fields, Since reflex action is presented to at least 
one wave number by the interface of said field classified by changing the refractive index of a preparation 
and said refractive-index variable part and it was made to change the travelling direction of light Since 
mechanical body migration is not used in order to change the travelling direction of light, optical controlling 
elements, such as an optical path converter by which whose extinction ratio was large and was stabilized at 
high speed, could be constituted and reflex action is used for change of the travelling direction of light 
Optical controlling elements, such as an optical switch, can be constituted without taking the interference 
system of a complicated light, and the configuration of an optical circuit. 
[0054] 

According to the optical controlling element of invention according to claim 2, in addition to invention 
according to claim 1 , the path converter of a lightwave signal is realizable in a detailed area with width of 
face comparable as optical waveguide, since it can be efficient and the light on a beam with an include-angle 
component can be further reflected by using the band gap of a photograph nick crystal, it is not necessary to 
be the waveguide of a single mode, and optical waveguide can also consist of waveguides in the many 
modes. 
[0055] 

Since it was made to change the permeability of the light which the refractive index is changed by using a 
photograph nick crystal structure part as a refractive-index change part, and transmits the optical waveguide 
corresponding to the photograph nick crystal structure concerned according to the optical controlling 
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element of invention according to claim 3, the optical controlling element in which the actuation by which 
whose extinction ratio was large and was stabilized at high speed in a detailed area with width of face 
comparable as optical waveguide is possible can be offered. 
[0056] 

The optical controlling element in which the actuation by which whose extinction ratio was large and was 
stabilized at high speed in a detailed area with width of face comparable as optical waveguide by according 
to the optical controlling element of invention according to claim 4 changing the refractive index by using a 
photograph nick crystal structure part as a refractive-index change part, and deflecting the travelling 
direction of the light from optical waveguide is possible can be offered. 
[0057] 

Since the refractive index is changed independently by using a photograph nick crystal structure part as a 
refractive-index change part and it was made to deflect the travelling direction of the light from optical 
waveguide according to the optical controlling element of invention according to claim 5, the optical 
controlling element in which the actuation by which whose extinction ratio was large and was stabilized at 
high speed in a detailed area with width of face comparable as optical waveguide is possible can be offered. 
[0058] 

Since the refractive index is changed independently by using a photograph nick crystal structure part as a 
refractive-index change part and it was made to branch the light from optical waveguide according to the 
optical controlling element of invention according to claim 6, the optical controlling element in which the 
actuation by which whose extinction ratio was large and was stabilized at high speed in a detailed area with 
width of face comparable as optical waveguide is possible can be offered. 
[0059] 

According to the optical controlling element of invention according to claim 7, on optical waveguide, give at 
least two kinds of photograph nick crystal structures, and it considers as a refractive-index variable part. 
Since it was made to make an electric transverse wave and a magnetic transverse wave separate by changing 
independently the refractive index of the refractive-index variable part The polarization dependency of the 
optical controlling element concerned produced from the polarization property of a photograph nick crystal 
can be canceled, and the tolerance of the design produced from a polarization property can be expanded. 
[0060] 

According to the optical controlling element of invention according to claim 8, on optical waveguide, give at 
least two kinds of photograph nick crystal structures, and it considers as a refractive-index variable part. 
Since it was made to change the permeability of the light which transmits optical waveguide by changing 
independently the refractive index of the refractive-index variable part, the optical controlling element in 
which the actuation by which whose extinction ratio was large and was stabilized at high speed in a detailed 
area with width of face comparable as optical waveguide is possible can be offered. 
[0061] 

According to invention according to claim 9, in claim 2 thru/or the optical controlling element of any 1 
publication of 8, since the photograph nick crystal structure has a defective part, it can control the 
permeability of a lightwave signal by 0.01 or less minute refractive-index change, for example. 
[0062] 

According to invention according to claim 10, to invention according to claim 9 in addition, in addition to 
the approach of producing the whole photograph nick crystal or refractive-index change of the whole 
specific region Can produce refractive-index change of only a defective part, and therefore, since the part to 
which a refractive index is changed may be small [ in changing a refractive index with electrical-potential- 
difference impression, while it can make a production electrode surface product small, when power 
consumption can be made small and it changes a refractive index with optical exposures ] By making the 
optical exposure part small, a need optical output and power consumption can be reduced greatly. 
[0063] 

According to invention according to claim 1 1 , by making the same the number of layers from a defective 
part in addition to invention according to claim 9, since the photograph nick crystal number of layers from 
the close outgoing radiation side of light becomes equal, the path of light can be changed more efficiently. 
[0064] 

According to invention according to claim 12, light can be deflected by refractive-index change, changing 
the resonator property in a defective part and maintaining the permeability of light by controlling the 
number of layers of the photograph nick crystal whose defective part is pinched in addition to invention 
according to claim 10 or 1 1 . 
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[0065] 

According to invention according to claim 13, even if it carries out incidence of the light with the wave 
number which leans to the defective part of the photograph nick crystal structure formed in the two- 
dimensional side in addition to invention claim 10 thru/or given in 12, the permeability of light can be 
controlled and control of the deviation light to the light which carried out incidence aslant can be enabled. 
[0066] 

According to invention according to claim 14, in claims 3 and 9 thru/or the optical controlling element of 
any 1 publication of 13, optical controlling elements which it also became possible to extend equivalent 
wavelength bandwidth, for example, extended the tolerance to fluctuation of the oscillation wavelength of 
semiconductor laser, such as an optical switch and an optical modulator, can be constituted. 
[0067] 

According to the optical controlling element of invention according to claim 15, optical controlling 
elements, such as an optical switch whose prehension and disconnection of a lightwave signal are attained, a 
lightwave signal delay element, and an optical filter, can consist of changing the refractive index of the 
refractive-index variable part set as the optical coupling part which photograph nick crystal line defect 
waveguide intersected by making the resonance state of an optical coupling part control. 
[0068] 

According to the optical controlling element of invention according to claim 16, optical controlling 
elements, such as an optical switch whose prehension and disconnection of a lightwave signal are attained, a 
lightwave signal delay element, and an optical filter, can be constituted by changing independently the 
refractive index of the refractive-index variable part respectively set as the photograph nick crystal part 
separated by photograph nick crystal line defect waveguide. 
[0069] 

according to the optical control device of invention according to claim 1 7 — NxN — a matrix switch — it 
becomes possible to constitute an optical control device to a very minute field, and on an electronic-circuitry 
substrate, arrangement becomes possible and, therefore, it can use as an optical switch for optical 
INTAKONEKUSHON in a board. 
[0070] 

according to the optical control device of invention according to claim 1 8, it is based on the photograph nick 
crystal line defect waveguide of the NxNxN book which was made to intersect two-dimensional and was 
formed — a matrix switch — it becomes possible to constitute an optical control device to a very minute 
field, and on an electronic-circuitry substrate, arrangement becomes possible and, therefore, it can use as an 
optical switch for optical INTAKONEKUSHON in a board. 
[Best Mode of Carrying Out the Invention] 
[0071] 

Several gestalten of operation of this invention are listed to below, and are explained to it. 
[0072] 

[The gestalt of the first operation] 

The gestalt of operation of the first of this invention is explained based on drawing 1 thru/or drawing 3 and 
drawing 19 thru/or drawin g 23 . Drawing 1 is the theoretic top view showing the example of a configuration 
of the optical controlling element 1 of the gestalt of this operation. First, a substrate 2 is formed, three 
optical waveguides 3, 4, and 5 are formed on this substrate 2, and such optical waveguides 3, 4, and 5 are 
connected by the optical deflection section 6 as optical coupling components. Here, optical waveguide 3 is 
made into an incidence side, and rectangular arrangement of the optical waveguide 4 by the side of outgoing 
radiation and the five comrades is carried out. But not only three but four or more are sufficient, and space 
propagation is [ optical waveguide does not necessarily need to be connected to the incidence and outgoing 
radiation side to the optical deflection section 6, and ] sufficient as the number of optical waveguide. 
[0073] 

The photograph nick crystal structure 7 produced by forming periodic refractive-index (dielectric constant) 
distribution on a substrate 2 is constituted by the optical deflection section 6. The photograph nick crystal 
structure 7 is adjusting periodic structure, and can give the photograph nick band gap which is the 
prohibition object of a photon. Photograph nick crystal characteristics are determined by a substrate 2, the 
wavelength of the difference of the Mitsuhara child's dielectric constant, its arrangement, and light, the 
Mitsuhara child's magnitude, the distance between the Mitsuhara children, etc. Therefore, if these either is 
changed, the property of the photograph nick crystal structure 7 can be changed. If the refractive index of 
the Mitsuhara child or a substrate 2 is changed to the photograph nick crystal structure 7 in which a 
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photograph nick band gap exists especially, it will become possible to change a photograph nick band. 
[0074] 

Therefore, after refractive-index change can change to the reflector of light that it is the transparency object 
of light before refractive-index change to the wavelength of a certain range by changing the refractive index 
of the photograph nick crystal structure 7, and changing the permeability of the photograph nick crystal 
structure 7. 
[0075] 

In order to use this phenomenon, with the gestalt of this operation, the photograph nick crystal structure 7 of 
the optical deflection section 6 has the composition that a refractive index changes. The electro-optical 
effect, a thermooptic effect, the carrier plasma effectiveness of a semi-conductor thin film, the optical Ken- 
effect, etc. are used for change of such a refractive index. Although such physical development changes with 
ingredients constituted, the photograph nick crystal structure 7 consists of ingredients from which a 
refractive index changes. 
[0076] 

About this optical deflection section 6, it classifies into two fields 8 and 9 according to the diagonal line, and 
by using these fields 8 and 9 as a refractive-index variable part, it consists of gestalten of this operation so 
that a refractive index can be changed according to an individual by electric-field impression, optical 
exposure, etc. In order that the reflection factor of a photograph nick crystal may change, transparency and 
reflection of light are controllable by a refractive index changing. 
[0077] 

For example, if refractive-index change is not given to fields 8 and 9 when the incident light which has 
transparent wavelength from the waveguide 3 by the side of incidence to the photograph nick crystal 
structure 6 has carried out incidence, by the rectilinear-propagation nature of light, a lightwave signal 
bypasses the optical deflection section 5 by the photograph nick crystal structure 6, and transmits it to 
optical waveguide 5. However, if the refractive index of a field 9 is changed and it is made for propagation 
wavelength to enter in a photograph nick band gap, it reflects and light is spread to the optical waveguide 4 
side by which rectangular arrangement was carried out. If structure of giving refractive-index change is used 
as the prism mirror mold as shown in drawing 1 , it can be efficient and light can be reflected. Furthermore, 
since the part to which a refractive index is changed can be adjusted, the path (travelling direction) of light 
can be transformed in the direction of arbitration. 
[0078] 

Therefore, fundamentally, by carrying out adjustable [ of the mirror ] with a micro machine technique 
mechanically, as compared with the method which makes such a path change, it excels in stability and, 
according to the gestalt of this operation, high-speed path modification can also be expected at the point 
which is not machine migration. 
[0079] 

Moreover, especially reflection of light like the gestalt of this operation is effective as an optical path 
conversion means. This is because the travelling direction of light is controllable to specific wavelength, 
without producing loss of light. But in addition to this, it can use not only in such an example also as a light 
modulation means, a light wave length selection means, a lightwave signal time-sharing means, and a pulse 
generator. 
[0080] 

Moreover, it is effective it not only to prepare a refractive-index variable part, but to establish the false 
phase matching structure where the polarization reversal process part was prepared in LN substrate or LT 
substrate to the KTP substrate, and to combine with a nonlinear optical effect. It is possible to change an 
optical path only for a specific SHG light produced according to the nonlinear optical effect, 4 light-wave 
mixing light, or the original input light by reflection or transparency alternatively in a minute field. As false 
phase matching, you may be back-coupling false phase matching in addition to the usual false phase 
matching. Furthermore, it is effective to reduce group velocity with a photograph nick crystal, and to make 
an effectual nonlinear optics constant increase. Moreover, it is also effective to consider as the false phase 
matching structure where phase velocity was in agreement or changed it by the photograph nick crystal 
structure itself, and false phase matching structure considered as unnecessary nonlinear excitation structure, 
or phase-velocity change was taken into consideration. 
[0081] 

Moreover, since a polarization reversal process part is separated by the structure of having the opening in 
the polarization reversal process by the electrical-potential-difference impression by the electrode, or the 
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ionic diffusion according to the hole structure, the column structure, or the slot structure separately 
established at right angles to a substrate of a photograph nick crystal, the false phase matching structure of a 
pitch more detailed than before can be established. Furthermore, the part itself to which an electrical 
potential difference is impressed is also separable by carrying out electrical-potential-difference impression 
with the electrode prepared in the hole structure, the column structure, or the slot structure separately 
established at right angles to a substrate of a photograph nick crystal. 
[0082] 

By the way, although the photograph nick crystal structure 6 is constituted all over the optical deflection 
section 5, if it is branching to optical waveguide 4 or the 2-way which becomes five simply as shown in 
drawing 1 , the photograph nick crystal structure 6 does not need to be constituted from an example shown 
in drawin g 1 by field 8 part. However, at this time, the photograph nick crystal structure 6 of field 9 part is 
not cut aslant, and it leans plane of incidence in the direction which you want to reflect so that the incidence 
of the light can be obediently carried out to the photograph nick crystal structure 6. For example, since the 
arrangement include angle of grids is 60 degrees, in making it reflect at 45 degrees as it is shown in drawing 
1 whether it is made to reflect at 60 degrees or 30 degrees if it is a triangular grid, it takes the approach of 
leaning the crystal itself 45 degrees and reflecting. The same is said of the case of a tetragonal lattice, and 
although it can realize by arrangement of a photograph nick crystal when making it reflect at 45 degrees 
since the arrangement include angle of a grid is 90 degrees, it is necessary to lean to the include angle to the 
include angle of arbitration. 
[0083] 

Moreover, although it is considering as the optical waveguide of a total reflection mold in drawing 1 so that 
light may spread an optical fiber as optical waveguides 3, 4, and 5, the waveguide in which the photograph 
nick crystal structure 6 is carried is sufficient, and the line defect waveguide which introduced the defect 
into some photograph nick crystals is sufficient. 
[0084] 

The example of a deformation configuration at the time of using the line defect waveguide of this 
photograph nick crystal is explained based on drawing 19 thru/or drawing 23 . Drawing 19 is the theoretic 
top view showing the example of a configuration of the optical controlling element 1 using the line defect 
waveguide by the photograph nick crystal instead of the optical waveguide of a total reflection mold. In 
drawing 18 , it has three line defect waveguides 301,302,303 which consist of defects of one train connected 
to the fields 8 and 9 as a refractive-index change part, and fields 8 and 9 are constituted so that the refractive 
index can be changed according to an individual by electric-field impression, optical exposure, etc. At this 
time, it can use as high-speed deflecting system, a path modification machine, and a modulator by the 
propagation light which carried out incidence from the line defect waveguide 301 making propagation light 
go straight on to the line defect waveguide 303 by changing the refractive index of fields 8 and 9, or 
performing alternatively making it reflect in the line defect waveguide 302. 
[0085] 

Moreover, line defect waveguide is limited to the defect of one train, and the example of a configuration 
shown in drawing 19 is not a reason. Drawin g 20 can show the example of a configuration at the time of 
using three line defect waveguides 304,305,306 which consist of two or more defects connected to the fields 
8 and 9 as a refractive-index change part, can make [ many ] the class of propagation light which it can be 
generated now and can use the mode of propagation of a substrate horizontal direction, and can enlarge 
effectiveness of optical control now more. [ two or more ] 
[0086] 

Moreover, the field as a refractive-index change part is not necessarily limited to preparing two fields during 
a photograph nick crystal. Drawing 21 and drawing 22 can control rectilinear propagation and reflection by 
forming one field 307 as a refractive-index change part, and changing the refractive index of one field 307 
of a refractive-index change part to the refractive index of the defective part of the line defect waveguide 
which light has spread. Moreover, the field 307 used as these refractive-index change parts may be formed 
by compounding two or more kinds of different ingredients, and may be formed in the waveguide part 
which consists of the same ingredient which consists of optical crystal, a nonlinear ingredient, etc. electric- 
field impression and by carrying out an optical exposure. Moreover, it is good also as a small modulator by 
establishing the field 307 to which a refractive index is changed in the center section of the line defect 
waveguide 308, as shown in drawing 23 . Moreover, the reflected light in this case is separated using a 
circulator, and it is good also as a path modification machine. The field 307 of the refractive-index change 
part at this time is not necessarily limited to the interface which has the include angle which serves as an 
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acute angle to the line defect waveguide 308, and may be established in the direction of a defect and 
perpendicular of straight-line defective waveguide. Since an interface impedance can be changed to the 
continuation low when slanting, the interface reflective component can be reduced and permeability can be 
raised. 
[0087] 

By the way, as the example, the configuration of an optical controlling element 1 like the gestalt of this 
operation is the following, and can be made and realized. For example, if a circular hole is constituted from 
lithography and etching in a semi-conductor thin film with the thickness of guide wave length extent of 
light, a two-dimensional air circular hole can be constituted to the semi-conductor of a refractive index 3. 
There may not be need that dielectric constant distribution is not necessarily circular, and a rectangle and a 
polygon are sufficient as it. This semi-conductor thin film can be formed by exposing a thin film to air by 
carrying out selective etching of the InP substrate and GaAs substrate with which the quantum well and the 
deformation amount child well were formed. Moreover, it can form, even if it uses a SOI (Silicon on 
insulator) substrate with Si thin film of the thickness of wavelength extent formed on Si02 of a refractive 
index 1.45, and it is reported by many papers. Since especially a SOI substrate was used for an electronic 
circuitry and it was developed, its utility value is very high in respect of crystal quality or cost. 
[0088] 

Although light is shut up in the vertical direction in the total reflection of air and a semi-conductor, in a thin 
film side, the formed two-dimensional photograph nick crystal characteristics can be used. By connecting 
optical waveguide to this slab mold two-dimensional photograph nick crystal section, the structure of the 
optical controlling element 1 of the gestalt of this operation can be formed. 
[0089] 

Moreover, the diaphragm structure according such structure to ceramics, such as inorganic crystals, such as 
lithium niobate, niobic acid titanium, and KTP, or PZT, and PZLT, is made into the Ayr bridge structure 
which serves as formation or an air boundary on a low refractive-index medium, and it is realizable even if it 
forms a photograph nick crystal in a thin film. Furthermore, it is possible, even if it forms an organic 
molecule or organic crystal thin films, such as liquid crystal which has nematic ** smectic structure, and azo 
dye, still benzene coloring matter, dust, on a low dielectric layer and constitutes the photograph nick crystal 
structure. Of course, you may form with two-dimensional structure. For example, it is possible to constitute 
from introducing the refractive-index change structure of organic material in the three-dimension 
photograph nick crystal which consisted of to carry out the laminating of the semi-conductor stripe. 
[0090] 

By the way, since the principle of operation of the optical controlling element 1 of the configuration of the 
gestalt of this operation was checked by computer simulation, with reference to drawing 2 , the result is 
explained below. First, photograph nick band analysis can confirm the phenomenon in which a photograph 
nick band changes because a refractive index changes. 
[0091] 

The result calculated by the plane wave unfolding technique which is one of the analysis technique of a 
photograph nick band is shown in drawing 2 . The photograph nick crystal structure by the circular hole of a 
triangular grid is constituted by the substrate of a refractive index 3.5, and it analyzes to the example of a 
configuration where the refractive index embedded the medium of 1 .4 or 1 .6 inside the circular hole. Such a 
configuration is realizable by filling up a semi-conductor substrate with liquid crystal. The radius r of a 
circular hole used the value determined by r=0.9a to the distance pitch a between circular holes. 
[0092] 

Here, it considered as two-dimensional analysis and the photograph nick band in the electric transverse- 
wave (Transverse Electric:TE) mode in which electric field exist in a substrate side is calculated. 
[0093] 

Drawing 2 (a) is a band Fig. to a refractive index 1 .4, and drawing 2 (b) is a band Fig. to a refractive index 
1 .6. The part expressed with the mesh is a photograph nick band gap, and it is the field where optical 
propagation is forbidden to the wave number of all the directions of [ within a two-dimensional side ]. 
Compared with drawing 2 (a), the location of this band gap has shifted drawing 2 (b) in the direction where 
normalized radiam frequency (Normalized Frequency) is low. That is, since the light of normalized radiam 
frequency 0.35 is in a band gap in a refractive index 1 .4, light does not penetrate, but since it separates from 
a band gap in a refractive index 1 .6, light penetrates with the normalized radiam frequency determined with 
the photograph nick band. These photograph nick band Figs, show that transmittance control of light can be 
performed by refractive-index control. 
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[0094] 

Such an optical controlling element 1 can be constituted by using for example, a semi-conductor substrate 
and liquid crystal as other examples. That is, in GaAs or Si substrate, by photolithography and etching, if it 
is the wavelength of light, a minute circular hole 1 micrometer or less can be produced, and it can constitute 
from pouring in liquid crystal at the produced circular hole part. Many of liquid crystal represented by the 
nematic liquid crystal shows the refractive-index anisotropy which changes with electric-field impression, 
and the refractive-index difference is about 0.2. moreover — if it is thin film slab structure — the light of the 
vertical direction — also shutting up — since it becomes possible, the above configurations can be realized, 
without light leaking. A SOI substrate can be used as thin film slab structure, and 1 micrometer or less is 
desirable, and if the thickness of a slab part is thickness which carries out single mode propagation in the 
vertical direction, it is more desirable. Therefore, the optical controlling element 1 which can change the 
refractive index in a circular hole can consist of taking such a configuration. 
[0095] 

Moreover, Si cylinder is formed on a SOI substrate, the configuration which fills a perimeter with liquid 
crystal may be taken, and optical waveguide may be formed with an organic material. This can give 
effectiveness which was mentioned above by optimizing a design value, although the cylinder which is a 
high dielectric constant ingredient serves as a configuration surrounded with the liquid crystal which is a 
low dielectric constant. 
[0096] 

Since optical waveguide with a low refractive index can be formed with such a configuration, it becomes 

possible to constitute coupled systems with an optical fiber etc. comparatively easily. 

[0097] 

Such an optical controlling element 1 is further producible as follows as other examples. That is, dry etching 
of the front face of the Z-axis cut crystal substrate of lithium niobate (LN) is carried out using a metal mask 
to CF system gas. This obtains the substrate front face which has micropore with a depth of 1 micrometer. 
Then, a silicon substrate with a thermal oxidation silicone film and LN substrate which has micropore on 
this front face are stuck, and oxides are joined, then, the rear face of LN substrate — mechanical polishing — 
it grinds [ CMP-] or grinds [ ion-], thickness of LN substrate is set to 1 micrometer, and micropore is made 
to penetrate In micropore, if beforehand filled up with a silicon oxide, the silicon nitrogen film, or a poly 
membrane, breakage of the micropore by polish will decrease. Then, an air gap slab mold LN photograph 
nick crystal is producible by removing silicon oxide and the restoration matter of micropore partially by wet 
etching using a resist mask. 
[0098] 

If the electrode is beforehand prepared in the vertical part near the micropore of LN, and micropore, a heavy 
current solution can be impressed to minute space, and it is more effective. Furthermore, the electric drive 
component is prepared on silicon, electrophoresis can perform electrical installation of the electrode on LN, 
and the electric drive component on silicon, and the optical controlling element of electric drive component 
one apparatus by the compound substrate can be produced. 
[0099] 

It may replace with lithium niobate and micropore may be similarly produced by dry etching to inorganic 
ceramics, such as inorganic crystals and the organic materials of a high refractive index, such as niobic acid 
titanium, KTP and SBN (SrBaNb multiple oxide), and barium titanate, or PZT, PZLT, and barium titanate. 
Moreover, it may replace with a silicon substrate and LN substrate, a MgO dope LN substrate, a GaAs 
substrate, and other substrates may be used. 
[0100] 

Furthermore, the waveguide by proton diffusion or titanium diffusion may be prepared in some of these 
photograph nick crystals of LN, or dicing, and the dry ridge form or the flush-type waveguide depended 
dirtily may be produced. Furthermore, it may put on a photograph nick crystal layer and a multilayer, and 
you may be a multilayer slab waveguide and three-dimension waveguide. 
[0101] 

Moreover, the thin film of LN or PZT or a photograph nick crystal structure thin film is not necessarily 
limited to using a crystal, and may be produced by the precursor using a sol gel process, and the dry etching 
of the precursor. 
[0102] 

Moreover, the micropore formed by dry etching on silicon may be filled up with liquid crystal. At this time, 
it is also effective to use the liquid crystal photograph nick crystal which made orientation of liquid crystal 
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the perpendicular direction to the substrate, and was produced by impressing horizontal electric field. 
Furthermore, the substrate which has the electro-optical effect like LN substrate instead of a mere substrate 
may be partially filled up with liquid crystal, and the electro-optical effect may be produced complexly. 
[0103] 

By the way, in order to check the phenomenon in which permeability change of light takes place, simulation 
was performed by the time domain finite difference method (Finite Difference Time Domain (FDTD) 
Method). Based on the model in a plane wave unfolding technique which was mentioned above, the radius r 
of 0.44 micrometers and a circular hole was set [ the wavelength of light ] to 0.198 micrometers (2r=0.9a) 
for the pitch a of 1 .3 micrometers and a circular hole. The photograph nick crystal part was made into ten 
layers. This is equivalent to 4 micrometers of thickness, and very detailed thickness. Incidence of the plane 
wave is carried out in the direction of gamma-X, and the permeability (Transmittance) to the wavelength 
(Wavelength) computed from the power ratio of the light by the side of the incidence of the photograph nick 
crystal structure 6 and outgoing radiation is shown in drawing 3 . In the wavelength of 1 .3 micrometers, 
change of 35dB or more has produced permeability by the refractive-index modulation. This is sufficient 
extinction ratio to control transparency and reflection, and the wavelength range which 30dB or more of 
extinction ratios can take is also still as wider as 50nm. If the wavelength range is wide, there is an 
advantage which stops needing highly precise control of the oscillation wavelength which is easy to change 
by own generation of heat of semiconductor laser etc. If the photograph nick crystal structure 6 is used, it is 
possible to reflect, if the large beam has also required not a plane wave but the include-angle component of 
the wave number for the photograph nick band gap. 
[0104] 

[The gestalt of the second operation] 

The gestalt of operation of the second of this invention is explained based on drawing 4 . Drawin g 4 is the 
theoretic top view showing the example of a configuration of the optical controlling element 1 1 of the 
gestalt of this operation, the optical controlling element 1 1 of the gestalt of this operation — a substrate (not 
shown) top — three optical waveguides 12, 13, and 14 — for example, the include angle of 120 degrees is 
given and formed mutually, the optical deflection section 1 5 as optical coupling components is formed in 
the core of such optical waveguides 12, 13, and 14 for example, in the shape of an equilateral triangle, and is 
prepared in it, and the end of each optical waveguides 12, 13, and 14 connects. On the edge by the side of 
the optical deflection section 15 of each optical waveguides 12, 13, and 14, it is formed here as a refractive- 
index variable part which can control permeability because the photograph nick crystal structures 16, 17, 
and 18 change a refractive index respectively independently by the waveguide width of face. 
[0105] 

In addition, although the number of the optical waveguide connected to the optical deflection section 15 is 
three in the example of illustration, you may be not only three but four optical waveguides or more. But 
since there is width of face in optical waveguides 12, 13, and 14, if a large number connection is made, since 
it originates in the area of a connection part becoming large, light spreads by diffraction and joint 
effectiveness will become low, about four are more desirable. Moreover, a single mode is sufficient as the 
width of face of optical waveguides 12, 13, and 14, and the width of face corresponding to a multimode is 
sufficient as it. Although it is it hard to treat a multimode to be an optical circuit using total reflection 
generally, since the photograph nick crystal structures 16, 17, and 18 are used as a mirror in the case of the 
gestalt of this operation, to a specific deviation, a high reflection factor can be given to the wave number of 
all directions. 
[0106] 

[The gestalt of the third operation] 

The gestalt of operation of the third of this invention is explained based on drawing 5 . Drawing 5 is the 
theoretic top view showing the example of a configuration of the optical controlling element 21 of the 
gestalt of this operation, the optical controlling element 21 of the gestalt of this operation — a substrate (not 
shown) top — four optical waveguides 22-25 — for example, it is made to arrange in the shape of [ which 
intersects perpendicularly mutually ] a cross joint, and forms, and the optical deflection section 26 as optical 
coupling components is formed in the core of such optical waveguides 22-25 for example, in the shape of a 
square (one of the polygon configurations), and is prepared in it, and the end of each optical waveguides 22- 
25 connects. In addition, as a number of optical waveguide, you may be not only four of the example of 
illustration but five or more. But if much optical waveguides are connected, since the area of a connection 
part becomes large, and light will spread under the effect of diffraction and it will become the cause of loss 
like the case of the gestalt of the second operation, about four are more desirable. 
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[0107] 

Moreover, the photograph nick crystal structure 27 produced by forming periodic refractive-index (dielectric 
constant) distribution on a substrate is constituted by the optical deflection section 26. Furthermore, it is 
classified into the right-angle 2 equilateral-triangle-like four fields 28-31 according to the two diagonal 
lines, and respectively, each fields 28-31 change a refractive index according to an individual, and, as for 
this optical deflection section 26, let them be the refractive-index change parts which can constitute a 
photograph nick crystal mirror. 
[0108] 

That is, in the optical controlling element 21 of the gestalt of this operation, if the refractive index is not 
changed about which fields 28-31, the light which carried out incidence from optical waveguide 22 is 
outputted from optical waveguide 24 from the rectilinear-propagation nature of light. If the refractive index 
of fields 30 and 3 1 is changed and the permeability of light is changed, since it will become the reflector 
(photograph nick crystal mirror) of a prism configuration with the gestalt of this operation on the other hand, 
it is reflected by the interface of the fields 30 and 31 of the optical deflection section 26, and outgoing 
radiation of the light which carried out incidence from optical waveguide 22 is carried out from optical 
waveguide 23. 
[0109] 

Similarly, if the refractive index of fields 29 and 30 is changed, outgoing radiation of the light will be 

carried out from optical waveguide 25. 

[0110] 

Thus, the travelling direction of the light from optical waveguide 22 can be turned and deflected in the 
direction of arbitration with the combination of the fields 28-3 1 to which a refractive index is changed. 
[0111] 

[The gestalt of the fourth operation] 

The gestalt of operation of the fourth of this invention is explained based on drawing 6 . Drawing 6 is the 
theoretic top view showing the example of a configuration of the optical controlling element 41 of the 
gestalt of this operation, the optical controlling element 41 of the gestalt of this operation — a substrate (not 
shown) top — four optical waveguides 42-45 ~ for example, it is made to arrange in the shape of [ which 
intersects perpendicularly mutually ] a cross joint, and forms, and the optical deflection section 46 as optical 
coupling components is formed in the core of such optical waveguides 42-45 for example, in the shape of a 
square (one of the polygon configurations), and is prepared in it, and the end of each optical waveguides 42- 
45 connects. 
[0112] 

Moreover, the photograph nick crystal structures 47-51 are respectively constituted by the edge and the 
optical deflection section 46 by the side of the optical deflection section 46 of optical waveguides 42-45. 
Furthermore, this optical deflection section 46 is classified into the right-angle 2 equilateral-triangle-like 
four fields 52-55 according to the two diagonal lines. It considers as the refractive-index change part with 
these each and 48 to photograph nick crystal structure 51 parts of fields 52-55 able to change a refractive 
index according to an individual respectively. For example, if it is the case where the electro -optical effect 
by the opto electronics material is used and an electrode is constituted independently, it will become 
possible to impress electric field independently. Moreover, if a thermooptic effect is used, it will become 
possible by attaching a heater according to an individual. 
[0113] 

It becomes possible to make light spread in the direction of arbitration with the combination of refractive- 
index change of these refractive-index variant parts (fields 52-55, 48 to photograph nick crystal structure 51 
part). 
[0114] 

For example, by changing the refractive index of a refractive-index variant part (the photograph nick crystal 
structure 49, 51 parts), the lightwave signal which carried out incidence from optical waveguide 42 goes 
straight on, and outgoing radiation is carried out from optical waveguide 44. Although outgoing radiation of 
the light is carried out from optical waveguide 44 even if it does not change the refractive index of a 
refractive-index variant part (the photograph nick crystal structure 49, 51 parts), considering the rectilinear- 
propagation nature of light, there is effectiveness which can control the light which leaks to optical 
waveguides 43 and 45 by diffraction by the refractive-index variant part (the photograph nick crystal 
structure 49, 51 parts), and optical transmission loss is reduced. That is, in order to gather joint 
effectiveness, it is the description of the gestalt of this operation to prepare a refractive-index variant part 
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(the photograph nick crystal structure 49, 51 parts). 
[0115] 

When it is the configuration that four or more optical waveguides were connected, it becomes impossible 
moreover, for light to combine with optical waveguide 45 efficient under the effect of reverse etc., although 
it is possible to make optical waveguide 45 deflect the light from optical waveguide 42 if the refractive 
index of a refractive-index variant part (the photograph nick crystal structure 49, 50 parts) is changed. Then, 
if the refractive index of a refractive-index variant part (fields 53 and 54) is changed, it is possible for light 
to be efficient to optical waveguide 45, and to carry out incidence to it by reflection of a prism 
configuration. 
[0116] 

That is, with the gestalt of this operation, it makes it possible to combine light in the direction of arbitration 

efficient efficient by combining the gestalt of the second and the third operation. 

[0117] 

[The gestalt of the fifth operation] 

The gestalt of operation of the fifth of this invention is explained based on drawing 7 . Drawing 7 is the 
theoretic top view showing the example of a configuration of the optical controlling element 61 of the 
gestalt of this operation, the optical controlling element 61 of the gestalt of this operation — a substrate (not 
shown) top — four optical waveguides 62-65 ~ for example, it is made to arrange in the shape of [ which 
intersects perpendicularly mutually ] a cross joint, and forms, and the optical deflection section 66 as optical 
coupling components is formed in the core of such optical waveguides 62-65 for example, in the shape of a 
square (one of the polygon configurations), and is prepared in it, and the end of each optical waveguides 62- 
65 connects. In addition, as a number of optical waveguide, you may be not only four of the example of 
illustration but five or more. But if much optical waveguides are connected, since the area of a connection 
part becomes large, and light will spread under the effect of diffraction and it will become the cause of loss 
like the case of the gestalt of the second operation, about four are more desirable. 
[0118] 

Moreover, the photograph nick crystal structure 67 produced by forming periodic refractive-index (dielectric 
constant) distribution on a substrate is constituted by the optical deflection section 66. Furthermore, this 
optical deflection section 66 is classified into the right-angle 2 equilateral -triangle-like four fields 68-71 
according to the two diagonal lines, and let it be the refractive-index change part by which each fields 68-71 
change a refractive index according to an individual respectively, and can control that permeability. 
[0119] 

In such a configuration, if only the reflection factor of field 70 part is changed by refractive-index change, T 
character mold branching will be constituted from a part for the bond part of optical waveguide 62 and the 
optical deflection section 66, the light from optical waveguide 62 will be turned to optical waveguides 63 
and 65, and branching will become possible. 
[0120] 

As for such a configuration, low loss branching consists of single mode waveguides using total reflection 
(1682 17 IEEE Lightwave Techonol.VoL p. 1999). However, in multimode waveguide, the efficient 
reflection by total reflection is difficult at the higher mode, and it becomes the cause of big loss. Like this 
point and the gestalt of this operation, if a photograph nick crystalline array can be used as a reflecting 
mirror, it will become possible to obtain a reflection factor also with the big higher mode, and efficient 
branching will be attained. 
[0121] 

[The gestalt of the sixth operation] 

The gestalt of operation of the sixth of this invention is explained based on drawing 8 and drawing 9 . 
Drawing 8 is the theoretic top view showing the example of a configuration of the optical controlling 
element 81 of the gestalt of this operation, the optical controlling element 81 of the gestalt of this operation - 
- a substrate (not shown) top — three optical waveguides 82-84 — for example, the include angle of 120 
degrees is given and formed mutually, the optical deflection section 85 as optical coupling components is 
formed in the core of such optical waveguides 82-84 for example, in the shape of an equilateral triangle, and 
is prepared in it, and the end of each optical waveguides 82-84 connects. On the edge by the side of the 
optical deflection section 85 of each optical waveguides 82-84, it is formed here as a refractive-index 
variable part with two or more kinds of photograph nick crystal structures 86-88, and 89-91. [ able to change 
a refractive index respectively independently by the waveguide width of face ] 
[0122] 
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That is, it consists of different arrays and periodic structures in the photograph nick crystal structures 86-88 
and the photograph nick crystal structures 89-91. That is, the photograph nick crystal structure 86-88 side is 
the structure where a reflection factor can change, to an electric transverse wave (Transverse Electric:TE), 
and the photograph nick crystal structure 89-91 side is the structure where a reflection factor can change, to 
a magnetic transverse wave (Transverse Magnetic :TM). 
[0123] 

In addition, although the number of the optical waveguide connected to the optical deflection section 1 5 is 
three in the example of illustration, you may be not only three but four optical waveguides or more. But 
since there is width of face in optical waveguides 12, 13, and 14, if a large number connection is made, since 
it originates in the area of a connection part becoming large, light spreads by diffraction and joint 
effectiveness will become low, about four are more desirable. 
[0124] 

In such a configuration, a photograph nick crystalline array has fundamentally the property in which the 
polarization dependency over TE and TM is large. Although it is possible to give a band gap to TE and TM 
both polarization depending on the Mitsuhara child's array, if the constraint is narrow and the refractive- 
index difference of periodic structure is small, the structure which TE and the band gap to TM both 
polarization open cannot be designed. With this point and the gestalt of this operation, TE and the structure 
which has a band gap to TM both polarization are not given by force, but a band gap is given to one of the 
two's polarization. Thereby, a design allowable error becomes large. Moreover, if this reflection factor 
control is performed only to reflecting layer of one of the two, it will become the configuration that 
polarization is separable. 
[0125] 

For example, it is possible to make TM polarization and TE polarization separate so that do not give 
refractive-index change to the photograph nick crystal structures 86 and 89, but TE and TM both 
polarization are made to penetrate, and it controls TE polarization by giving refractive-index change to the 
photograph nick crystal structure 91, and the lightwave signal of TE polarization of TM polarization to 
optical waveguide 83 may spread to optical waveguide 84, if TM polarization is controlled by giving 
refractive-index change to the photograph nick crystal structure 87. Therefore, the polarization dependency 
as an optical controlling element 81 can be canceled, and it becomes possible to realize the optical switch 
for board intrinsic-light INTAKONEKUSHON in a minute field. 
[0126] 

By the way, the photograph nick band Fig. to TE polarization and TM polarization is shown in drawing 9 . 
A photograph nick crystal consists of triangular grids of 2.2 and an air circular hole for a substrate refractive 
index, and the ratio of a radius r and a pitch a is r=0.8a. Moreover, it calculated by the plane wave unfolding 
technique as well as the case of drawing 2 . Although the photograph nick band gap exists by TE 
polarization that it is this configuration to the wave number vector of the direction of arbitration, to TM 
polarization, a photograph nick band gap exists only in the wave number vector of the specific direction. For 
example, in drawin g 9 , although the light of TM polarization will penetrate if incidence of the light 
corresponding to normalized radiam frequency 0.4 is carried out, the light of TE polarization will be 
penetrated. A polarization separation component can consist of using this phenomenon. 
[0127] 

In addition, also in the gestalt of this operation, the permeability can also be changed by changing the 
refractive index of the photograph nick crystal structures 87 and 90, or the refractive index of the 
photograph nick crystal structures 88 and 91 to coincidence. 
[0128] 

[The gestalt of the seventh operation] 

The gestalt of operation of the seventh of this invention is explained based on drawing 10 thru/or drawing 12 
and drawing 24 thru/or drawing 27 . Drawing 10 is the theoretic top view showing the example of a 
configuration of the optical controlling element 101 of the gestalt of this operation, the optical controlling 
element 101 of the gestalt of this operation — a substrate (not shown) top — three optical waveguides 102- 
104 — for example, the include angle of 120 degrees is given and formed mutually, the optical deflection 
section 1 05 as optical coupling components is formed in the core of such optical waveguides 1 02- 1 04 for 
example, in the shape of an equilateral triangle, and is prepared in it, and the end of each optical waveguides 
102-104 connects. On the edge by the side of the optical deflection section 105 of each optical waveguides 
102-104, it is formed here as a refractive-index variable part with the photograph nick crystal structures 106- 
108 able to change a refractive index respectively independently by the waveguide width of face. 
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[0129] 

The photograph nick crystal structures 106-108 of the gestalt of this operation here are used as a photograph 
nick crystal layer as shown in drawing 1 1 (a) 3 and resonator structure is formed by including the defective 
part 1 10 in the photograph nick crystal which consisted of Mitsuhara children 109. The number of layers of 
a photograph nick crystal changes with reflection factors to expect. A point defect is sufficient as the 
defective part 1 10, and it can also choose the number of a defect with a property. Only the light which has 
specific wavelength within a photograph nick band gap by this defective part 1 10 becomes possible 
[ penetrating ]. 
[0130] 

Since it is not necessary to use migration of the photograph nick band by refractive-index change and 
resonance mode is used according to structure like the gestalt of this operation, it becomes switchable by 
change of few bands. That is, if it limits to specific wavelength, it will become possible for at least 0.01 or 
less ingredient with an opto electronics material to reflection factor control refractive-index change 
(transmittance control). 
[0131] 

Drawing 12 is the property Fig. showing the simulation result which showed change of the permeability to 
the wavelength of 1 train deficit. This example is the photograph nick crystal of a circular hole triangular 
pattern, and is r= 320nm (r=0.80a) in the pitch of a= 400nm, and radius. Moreover, the refractive index of a 
substrate was set to 2.2 and set the refractive index of a circular hole part to 1 .0. 
[0132] 

Incidence of the pulse which has a peak in the direction of gamma-X at the wavelength of 850nm was 
carried out to the TE mode, and simulation was carried out by FDTD count. Moreover, the result when 
changing a refractive index 1% is also shown in coincidence. Wavelength change is about 5nm in change of 
1% of refractive indexes. An extinction ratio changes with the number of layerses of a photograph nick 
crystal layer, and 25dB or more of extinction ratios can take it by six layers. That is, transparency reflection 
of light is controllable by 2-micrometer thickness. Moreover, an extinction ratio can be increased by 
increasing a number of layers. 
[0133] 

As an ingredient which causes such refractive-index change, there are opto electronics materials, such as a 2 
OBU acid lithium, PZLT, a ceramic, and an organic material. Moreover, even if it uses the carrier plasma 
effectiveness using a semi-conductor quantum well, it is possible to cause 1% of refractive-index change. 
These defective parts are uniform and can control a permeability profile by preparing in multiplex. 
[0134] 

Drawing 24 and drawing 25 are constituting two or more photograph nick crystal resonators which 
controlled spacing of a resonator part, and show the example of a configuration which makes flattening of a 
resonance peak possible. By forming three line defect parts 401 ,402,403 and increasing spacing of the 
central line defect part 402 0.5 to 0.8 times (the example of illustration being 078 times) of other line defect 
parts 401,403, drawin g 24 makes the defect structure part which consists of one line defect part 1 10 in 
drawing 1 1 the multiplex ununiformity line defect structure of having two or more line defects, and 
constitutes the photograph nick crystal resonator which consists this of a LN ingredient. Drawing 25 is as a 
result of [ which showed change of the permeability of the multiplex ununiformity line defect structure 
shown in drawing 24 ] simulation. Like drawing 12 , the example of drawing 25 was the photograph nick 
crystal of a circular hole triangular pattern, was r= 320nm (r=0.80a) in the pitch of a= 400nm, and radius, set 
the refractive index of LN ingredient to 2.2, and set the refractive index of a circular hole part to 1 .0. In 
drawin g 25 , two continuous lines are multiplex ununiformity line defect structures, and two broken lines are 
the permeability of the defect structure part which consists of one line defect in the case of drawing 12 
shown as a comparison (two of right-hand side show respectively the case where two, n=nl and left-hand 
side, are n=nl-deltan). Even if 0.5nm wavelength shifts from the maximum permeability wavelength in 
drawing 25 at this time, also setting the extinction ratio at the time of being able to have 98% or more of 
permeability, and carrying out refractive-index change to 30dB is shown. On the other hand, in the case of 
the resonator structure which consists of one line defect part 1 10, when 0.5m wave shifts from the maximum 
permeability wavelength, the extinction ratio at the time of permeability becoming 50% or less, and carrying 
out refractive-index change is also 25dB. For this reason, it turns out that the optical controlling element 
which the optical control characteristic by the photograph nick crystal which has multiplex ununiformity 
line defect structure raised the wavelength band, and was raising the extinction ratio rather than the case of 
the resonator structure which consists of one line defect part, and has improved that optical control 
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characteristic greatly is realizable. 
[0135] 

Moreover, in drawing 10 , although optical waveguide is considering as the optical waveguide of a total 
reflection mold so that light may spread an optical fiber as 102,103,104, the line defect waveguide which 
introduced the defect into this waveguide itself at some photograph nick crystals is sufficient as it. The 
example of a deformation configuration at the time of using the line defect waveguide of this photograph 
nick crystal is explained based on drawing 26 . Drawing 26 is the theoretic top view showing the example of 
a configuration of the optical controlling element 1 using the line defect waveguide by the photograph nick 
crystal instead of the optical waveguide of a total reflection mold. In drawing 26 , it has three line defect 
waveguides 502,503,504 which consist of defects of one train connected to the resonator structure 501 by 
the line defect of a different direction from the propagation which has a refractive-index change part. This 
resonator structure 501 is constituted so that that refractive index can be changed by electric-field 
impression, optical exposure, etc. At this time, it can use as high-speed deflecting system, a path 
modification machine, and a modulator by the propagation light which carried out incidence from the line 
defect waveguide 504 making propagation light go straight on to the line defect waveguide 503 by changing 
the refractive index of the resonator structure 501, or performing alternatively making it reflect in the line 
defect waveguide 502. 
[0136] 

Moreover, it is good also as a small modulator by preparing the part to which a refractive index is changed 
in the center section of one line defect waveguide 505, as shown in drawing 27 . Moreover, the reflected 
light in this case is separated using a circulator, and it is good also as a path modification machine. The 
resonator structure 506 used as the field of the refractive-index change part at this time is not necessarily 
limited to the interface which has the include angle which serves as an acute angle to the defective 
waveguide 505, and may be prepared in the direction of a defect and perpendicular of the straight-line 
defective waveguide 505. Since distribution of the wave front of propagation light and the wave front which 
can be resonated are more in agreement when perpendicular, permeability can be improved. 
[0137] 

In addition, spacing of a resonator part may change spacing of defective partial 1 10 part in the photograph 
nick crystal structure, as shown in drawing 1 1 (b), and it may change the magnitude of the Mitsuhara child 
1 09 who approaches defective partial 1 1 0 part as shown in drawing 1 1 (c). 
[0138] 

It is possible for this to control degradation of the switching characteristic by the abrupt change of the 
reflection factor in a resonator part by few wavelength deflections (fluctuation of oscillation wavelength) of 
the light source from semiconductor laser, and it is possible to constitute the optical switch which extended 
the tolerance to wavelength, and an optical modulator. 
[0139] 

[The gestalt of the eighth operation] 

The gestalt of operation of the eighth of this invention is explained based on drawing 13 . Drawing 1 3 is the 
theoretic top view showing the example of a configuration of the optical controlling element 1 1 1 of the 
gestalt of this operation. The cross-joint-like optical waveguides 1 12-1 1 5 are formed on a substrate (not 
shown), the optical controlling element 1 1 1 of the gestalt of this operation uses a part for the intersection of 
such optical waveguides 1 12-1 15 as optical coupling components, and the photograph nick crystal structure 

1 1 6 is formed in one direction of the diagonal line. This photograph nick crystal structure 1 1 6 is formed as a 
photograph nick crystalline array in which the defective part 1 17 of two or more trains exists. In this case, it 
considers as a symmetry array a core [ the defective part 117], considers as the photograph nick crystalline 
array which has the same number of layers by two-layer at least, and considers as structure connectable also 
with the multi-mode optical waveguide in a two-dimensional side. Here, when light carries out incidence of 
the "train" to a photograph nick crystal perpendicularly, it is the thing of the photograph nick crystal facing 
plane of incidence, and a "layer" shows the photograph nick crystal arranged to the travelling direction of 
light. That is, in the example shown in drawing 13 , although the photograph nick crystal structure 1 16 leans 
in the direction of the diagonal line 45 degrees, it is the structure where the 4th layer is the defective parts 

1 17 in seven layers, and, as for the 1st layer, shows the example of 20 ****** structures. 
[0140] 

Such the photograph nick crystal structure 1 16 is leaned and arranged to arrangement of the optical 

waveguides 1 12-1 1 5 by the side of close outgoing radiation. 

[0141] 
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In such a configuration, although the lightwave signal which carried out incidence on the specific 
wavelength chosen by the resonance mode by the defective part 1 17 penetrates the photograph nick crystal 
structure 1 16 and spreads it to optical waveguide 114 before refractive-index change, since permeability will 
fall if the wavelength of resonance mode changes with refractive-index change, it is reflected in photograph 
nick crystal structure 1 16 part, and it makes an optical-path change at an optical waveguide 1 15 side. 
[0142] 

Although the photograph nick crystal structure 1 1 6 should just have a two-layer photograph nick crystalline 
array here at least, when the defective part 1 17 is aslant formed like the example of illustration for example 
A vertical number of layers to the defective part 1 17 like the gestalt of this operation of what may change 
with formation approaches of the defective part 117 The photograph nick crystal number of layers from the 
close outgoing radiation side of light can become equal, and the path of light can be made to change more 
efficiently by making a vertical number of layers the same to the defective part 117. 
[0143] 

Moreover, although it will become impossible to expect the effectiveness by being the layer on which a 
photograph nick crystal functions as a mirror as a number of layers of the photograph nick crystal structure 
1 16, being reflected, without light reaching to the defective part 1 17 if there are too many these number of 
layerses, and giving the defective part 1 1 7 According to the simulation result, it can check that the 
effectiveness by fully giving the defective part 1 17 shows up by inserting as the photograph nick crystal of 
six layers at vertical incidence. Moreover, having also made one layer fluctuate will change the property of a 
resonator a lot. If such a point is considered, since effectiveness by giving the defective part 1 17 in ten or 
more layers may be unable to expect as a number of layers of the photograph nick crystal structure 116, 
considering as ten or less layers is desirable. 
[0144] 

Moreover, it is considered as the structure have the propagation wave-propagation wave number vector 
component which spreads a photograph nick crystal in addition to the direction which intersects 
perpendicularly in the direction of a straight line of the defective part 1 17 of the photograph nick crystal 
structure 1 16 in the case of the gestalt of this operation, and carries out incidence to the defective part 117, 
and the permeability of light is controllable even if it carries out the incidence of the light with the wave 
number which leans to the defective part 1 17 of the photograph nick crystal structure 1 16 formed in the two- 
dimensional side. But this point is applicable also to the incident light which has wave number distribution 
not only like the example of an assumption in case the plane wave whose incident light is the single wave 
number carries out incidence as an example of application to the case of the photograph nick crystal 
structure 1 16 which has the defective part 1 17 but like a beam. Moreover, it not only controls transparency 
and reflection of light, but it becomes possible from the optical waveguide by the side of incidence to make 
the optical waveguide by the side of another outgoing radiation make a path change of the light which 
carried out incidence in the direction of slant. 
[0145] 

In addition, when light spreads from an optical waveguide 1 12 side to an optical waveguide 114 side, the 
reflector by the photograph nick crystal structure may be installed on optical waveguide 115 like [ at the 
time of being shown in drawing 6 ] so that it may not leak to an optical waveguide 1 1 5 side. Moreover, the 
arrangement include angle of optical waveguide does not need to be 90 degrees as shown in drawing 1 3 , 
and it is also possible to make it the include angle of 90 degrees or more. Furthermore, since it is the 
structure which penetrates only specific wavelength, it can use also as a wavelength filter. 
[0146] 

[The gestalt of the ninth operation] 

The gestalt of operation of the ninth of this invention is explained based on drawing 14 . The gestalt of this 
operation shows the example of application to the optical control device 121, and drawing 14 is the theoretic 
top view showing the example of a configuration of this optical control device 121. The optical waveguide 
122,123 of the NxN book with which the optical control device 121 of the gestalt of this operation was 
formed in the shape of a two dimensional array on the substrate (not shown), It is constituted as a matrix 
switch of NxN equipped with the optical coupling components 124 of two N to which the optical waveguide 
122,123 which is respectively arranged in a part for the intersection of such optical waveguides 122,123, 
and corresponds was connected. It considers as the optical controlling elements 1, 11,21,41, and 61 of the 
gestalt of each operation which each optical coupling component 1 24 mentioned above, and the optical 
switch configuration of a configuration of that the refractive-index variable part by the photograph nick 
crystal structure is included like 81,101 grades. 
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[0147] 

Therefore, a NxN matrix switch is constituted, the optical waveguide of arbitration can be made to be able to 
carry out optical-path conversion, and light can be made to transmit to it by changing suitably the refractive 
index of optical coupling components 124 part, and controlling the travelling direction of light. The example 
of illustration shows signs that light is transmitted in the direction shown by the arrow head by changing the 
refractive index of optical coupling components 1 24 part of each part so that light may carry out 
transparency advance of the optical coupling components 124 part which adds shading thinly and is shown. 
[0148] 

Moreover, according to the gestalt of this operation, it is possible to constitute a NxN matrix switch to a 
very minute field. For example, when the optical waveguide of 10-micrometer width of face has been 
arranged in 40-micrometer pitch, it is possible to arrange the matrix switch of 20x20 on 1mm square. If it is 
the structure of causing refractive-index change by power application, it is necessary to arrange an electrode 
but, and an optical switch can be constituted if there is a 5mm angle. And if it is magnitude of this level, an 
optical switch can be arranged on an electronic-circuitry substrate, and it can also use as an optical switch 
for optical INTAKONEKUSHON in a board. 
[0149] 

[The gestalt of the tenth operation] 

The gestalt of operation of the tenth of this invention is explained based on drawing 15 . Drawing 15 is the 
theoretic top view showing the example of a configuration of the optical controlling element 1 3 1 of the 
gestalt of this operation. The photograph nick crystal structure 1 32 is formed on a substrate (not shown), and 
the optical controlling element 131 of the gestalt of this operation is formed so that two or more photograph 
nick crystal line defect waveguides 133 may cross in the crystalline array of this photograph nick crystal 
structure 132. The phenomenon in which light resonates in the optical coupling part 134 which made such 
photograph nick crystal line defect waveguide 133 cross is a phenomenon peculiar to a photograph nick 
crystal. Q value is very high, and such structure may be able to be taken, and becomes possible [ catching a 
photon to a part for an intersection ]. Then, it is possible to control this resonance state and the optical 
switch whose prehension and disconnection of a photon are attained, a lightwave signal delay element, an 
optical filter, etc. can consist of changing that refractive index by using the part 135 containing a part for an 
intersection as a refractive-index change part. Since change of this condition is very sensitive, a condition 
changes by slight refractive-index change. 
[0150] 

[The gestalt of the eleventh operation] 

The gestalt of operation of the eleventh of this invention is explained based on drawing 16 . Drawing 16 is 
the theoretic top view showing the example of a configuration of the optical controlling element 141 of the 
gestalt of this operation. The photograph nick crystal structure 142 is formed on a substrate (not shown), and 
the optical controlling element 141 of the gestalt of this operation is formed so that the cross-joint-like 
photograph nick crystal line defect waveguide 143 may cross in the crystalline array of this photograph nick 
crystal structure 142. Four photograph nick crystal structure 142 parts separated by such photograph nick 
crystal line defect waveguide 143 are respectively classified into two fields according to the diagonal line, 
and it is made possible to change a refractive index according to an individual as eight refractive-index 
variable parts 144-151 on the whole. 
[0151] 

In the optical controlling element 141 of the gestalt of this operation, the phenomenon in which light 
resonates in the part 152 which made the photograph nick crystal line defect waveguide 143 cross is used. 
And it dissociates as refractive-index variable parts 144-151, and it becomes possible to control the 
switching direction of light by changing a refractive index according to an individual about these refractive- 
index variable parts 144-151. Thus, it is possible to control the resonance state and the optical switch whose 
prehension and disconnection of a photon are attained, a lightwave signal delay element, an optical filter, 
etc. can be constituted. 
[0152] 

[The gestalt of the twelfth operation] 

The gestalt of operation of the twelfth of this invention is explained based on drawing 17 . The gestalt of this 
operation shows the example of application to the optical control device 161, and drawing 1 7 is the theoretic 
top view showing the example of a configuration of this optical control device 161 . The photograph nick 
crystal structure 162 is formed as a crystalline array all over a substrate (not shown), and, as for the optical 
control device 161 of the gestalt of this operation, the photograph nick crystal line defect waveguide 163 of 
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a NxNxN book is formed by two-dimensional into the crystalline array of this photograph nick crystal 
structure 162 in the lengthwise direction, the direction of right slant, and the direction of left slant. And it is 
constituted like the case of the optical controlling element 131,141 in which the optical coupling part 164 
which such photograph nick crystal line defect waveguides 163 intersect contains a refractive-index change 
part respectively. 
[0153] 

If a part for the intersection of the photograph nick crystal line defect waveguide 1 63 (optical coupling part 
1 64) is constituted as a refractive-index change part and carries out adjustable control of each refractive 
index according to an individual, since the resonance state will change, a matrix switch configuration can be 
carried out and the optical waveguide of arbitration can be made to carry out optical-path conversion in such 
a configuration. 
[0154] 

That is, if the example of the matrix switch which consists of combining two or more gestalten of the above- 
mentioned operation, a light corpuscle child array, and an optical delay element array is shown, for example, 
a refractive index is not changed, the lightwave signal which goes a part for an intersection straight on 
becomes possible [ catching to a part for the intersection ] by changing the refractive index for an 
intersection at a certain time. Furthermore, since the ease of penetrating of light changes by giving the 
refractive-index change for an intersection [ a part of ], it is thought that light can be advanced now in the 
direction which should progress essentially, and the different direction. By using such a phenomenon, it 
becomes possible to transmit light to the photograph nick crystal line defect waveguide 163 of arbitration. 
[Brief Description of the Drawings] 
[0155] 

[Drawing 1] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the first of this invention. 

[Drawing 2] A band Fig. [ as opposed to a refractive index 1 .4 in (a) ] and (b) are the band Figs, to a 
refractive index 1.6. 

[Drawing 3] It is the property Fig. showing the permeability to wavelength. 

[Drawing 4] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the second of this invention. 

[Drawing 5] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the third of this invention. 

[Drawing 6] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the fourth of this invention. 

[Drawing 7] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the fifth of this invention. 

[Drawing 8] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the sixth of this invention. 

[Drawing 9] It is a photograph nick band Fig. to TE polarization and TM polarization. 

[Drawing 10] It is the theoretic top view showing the example of a configuration of the optical controlling 

element of the gestalt of operation of the seventh of this invention. 

[Drawing 1 1] It is the top view showing the example of defect structure. 

[Drawing 12] It is the property Fig. showing the simulation result which showed change of the permeability 
to the wavelength of 1 train deficit. 

[Drawing 13] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the eighth of this invention. 

[Drawing 14] It is the theoretic top view showing the example of a configuration of the optical control 
device of the gestalt of operation of the ninth of this invention. 

[Drawing 15] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the tenth of this invention. 

[Drawing 16] It is the theoretic top view showing the example of a configuration of the optical controlling 
element of the gestalt of operation of the eleventh of this invention. 

[Drawing 17] It is the theoretic top view showing the example of a configuration of the optical control 
device of the gestalt of operation of the twelfth of this invention. 
[Drawing 18] It is the top view showing the conventional example. 

[Drawing 19] It is the theoretic top view showing the example of a deformation configuration of the optical 
controlling element of the gestalt of operation of the first of this invention. 
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[Drawing 20] It is the theoretic top view showing another example of a deformation configuration. 
[Drawing 21] It is the theoretic top view showing another example of a deformation configuration. 
[Drawing 22] It is the theoretic top view showing another example of a deformation configuration. 
[Drawing 23] It is the theoretic top view showing another example of a deformation configuration. 
[Drawing 24] It is the theoretic top view showing the example of a deformation configuration of the optical 
controlling element of the gestalt of operation of the seventh of this invention. 
[Drawing 25] It is the property Fig. showing the simulation result of the permeability of multiplex 
ununiformity line defect structure by making change of the permeability to the wavelength of 1 train deficit 
into the example of a comparison. 

[Drawing 26] It is the theoretic top view showing another example of a deformation configuration of the 

optical controlling element of the gestalt of operation of the seventh of this invention. 

[Drawing 27] It is the theoretic top view showing another example of a deformation configuration. 

[Description of Notations] 

[0156] 

1 Optical Controlling Element 

2 Substrate 

3-5 Optical waveguide 

6 Optical Coupling Components 

7 Photograph Nick Crystal Structure 

8 Nine Field 

I I Optical Controlling Element 
12-14 Optical waveguide 

15 Optical Coupling Components 
16-18 Photograph nick crystal structure 
21 Optical Controlling Element 
22-25 Optical waveguide 

26 Optical Coupling Components 

27 Photograph Nick Crystal Structure 
28-31 Field 

41 Optical Controlling Element 
42-45 Optical waveguide 
46 Optical Coupling Components 
47-5 1 Photograph nick crystal structure 
52-55 Field 

61 Optical Controlling Element 
62-65 Optical waveguide 

66 Optical Coupling Components 

67 Photograph Nick Crystal Structure 
68-71 Field 

81 Optical Controlling Element 

82-84 Optical waveguide 

85 Optical Coupling Components 

86-91 Photograph nick crystal structure 

101 Optical Controlling Element 

102-104 Optical waveguide 

105 Optical Coupling Components 

106-108 Photograph nick crystal structure 

110 Defective Part 

I I I Optical Controlling Element 
112-115 Optical waveguide 

1 16 Photograph Nick Crystal Structure 

117 Defective Part 

1 24 Optical Coupling Components 

131 Optical Controlling Element 

132 Photograph Nick Crystal Structure 

133 Photograph Nick Crystal Line Defect Waveguide 
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1 34 Optical Coupling Components 

135 Part 

141 Optical Controlling Element 

142 Photograph Nick Crystal Structure 

1 43 Photograph Nick Crystal Line Defect Waveguide 
144-151 Refractive-index variable part 

152 Part 

162 Photograph Nick Crystal Structure 

163 Photograph Nick Crystal Line Defect Waveguide 

164 Optical Coupling Part 
301-306 Line defect waveguide 

307 Field 

308 Line Defect Waveguide 
401-403 Defective part 
502-505 Line defect waveguide 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 18] 
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